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ABSTRACT: In this work we present different infinite dimensional algebras which appear as
deformations of the asymptotic symmetry of the three-dimensional Chern-Simons gravity
for the Maxwell algebra. We study rigidity and stability of the infinite dimensional en-
hancement of the Maxwell algebra. In particular, we show that three copies of the Witt
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ily of infinite dimensional algebras are obtained by considering deformations of the other
commutators which we have denoted as M (a, b;c,d) and M (@, §; 7). Interestingly, for the
specific values a = c=d = 0,b = —% the obtained algebra M (0, —%; 0, 0) corresponds to
the twisted Schrodinger-Virasoro algebra. The central extensions of our results are also
explored. The physical implications and relevance of the deformed algebras introduced
here are discussed along the work.
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1 Introduction and motivations

Symmetry is the cornerstone of the modern theoretical physics. Among different symme-
tries, the symmetries of spacetimes have attracted more attentions. One particular sym-
metry is the Poincaré algebra which is isometry of Minkowski spacetime and field theories
on flat space enjoy Poincaré invariance. Depending on the theory and its field content, field
theories typically exhibit invariance under bigger symmetry algebras which can be seen as
extensions and deformations of the Poincaré algebra.

A well-known extension and deformation of the Poincaré algebra is given by the
Maxwell algebra which is characterized by the presence of an Abelian anti-symmetric two
tensor generators M, such that the generators of translations obey [P,, P,] = M. This
algebra was first introduced in [1, 2] where it describes a particle in an external constant
electromagnetic field background, see also [3, 4]. This algebra can be obtained from the
study of Chevalley-Eilenberg cohomology of Poincaré algebra [5, 6]. In the context of the
gravity by gauging the 4d Maxwell algebra an extension of General Relativity (GR) is
obtained which includes a generalized cosmological term [7]. Subsequently, in the context



of three dimensional gravitational theories, a Chern-Simons (CS) gravity theory invariant
under 2 + 1 Maxwell algebra was studied in [8-10]. In three spacetime dimensions, an
isomorphic (dual) version of the Maxwell algebra, denoted as Hietarinta-Maxwell algebra,
has been useful in the study of spontaneous symmetry breaking [11]. Remarkably, both
topological and minimal massive gravity theories [12, 13| can be seen as particular cases
of a more general minimal massive gravity arising from a spontaneous breaking of a local
symmetry in a Hietarinta-Maxwell CS theory [14].

Another class of extensions of the Poincaré algebra in 3d and 4d to infinite dimensional
algebras appear in the asymptotic symmetry algebra analysis where respectively bmss and
bms, algebras are obtained [15-22]. In these algebras 3d and 4d Poincaré algebra appear
as the maximal global part of the algebra. There has been a renewed interest in these
asymptotic symmetries as they could be used to provide an alternative derivation for the
Weinberg’s soft theorems as well as the memory effect [23-25].

One may then ask if 3d or 4d Maxwell algebras also admit a similar infinite dimen-
sional enhancement. The answer to this question is affirmative. In particular, there exist
the Mag; algebra which is an infinite dimensional enhancement of the 2 + 1 Maxwell alge-
bra [26]. Interestingly, the 9tag; algebra can be obtained as an extension and deformation
of the bmss [27]. Moreover, it has been shown that a centrally extended version of Maxs
algebra also arises in the asymptotic symmetry analysis of certain 3d Maxwell CS gravity
theory [10]. In particular, as in GR, the geometries described by the field equations of the
Maxwell CS theory are Riemannian and locally flat. However, the so-called gravitational
Maxwell field couples to the geometry leads to particular effects different to those of GR.
Indeed, it modifies not only the asymptotic sector but also the vacuum energy and mo-
mentum of the stationary configuration. Furthermore the vacuum energy, unlike in GR
where it is always non zero [22, 28], can be vanished for particular values of the coupling
constant of the Maxwell CS term.

As a next natural question, one may ask if there are other infinite dimensional algebras
arising as asymptotic symmetries. The answer is “Yes”. The asymptotic symmetry algebras
strongly depend on the choice of the boundary conditions. For instance, if one chooses
the boundary condition on near horizon of a black holes instead of asymptotic infinity
region, one obtains a completely different symmetry algebra as it has recently been shown
in [29] that the symmetry algebra in near horizon of 3d and 4d black holes yields W (0,b)
or W(a,a;a,a) algebras, see [27, 30] for the definition of the latter. Given that there
are practically infinitely many possibilities for boundary conditions and infinitely many
surfaces (like null infinity or horizon) to impose boundary conditions over, there seems to
be infinitely many such infinite dimensional algebras. Hence, a natural question is whether
one can find/classify other such algebras?

To answer this question one may rely on “algebraic” techniques rather than the asymp-
totic symmetry analysis. One approach may be provided through deformation theory of
Lie algebras where given any Lie algebra one can in principle deform it to obtain another
algebra. The procedure of deformation can be continued until we reach a rigid (stable)
algebra, which cannot be further deformed. For finite dimensional Lie algebras there is the
Hochschild-Serre factorization (HSF) theorem [31] which sets the stage: the end process of



deformation of an algebra is a semi-simple Lie algebra with the same dimension. For ex-
ample, d dimensional Poincaré algebra is not stable and it could be deformed to so(d—2,2)
or s0(d—1,1) algebras. The question of stability /deformation of infinite dimensional alge-
bras has not yet been tackled in full generality. There are some case-by-case analysis, e.g.
see [27, 30]. For example, the bmss can be deformed to two copies of Virasoro algebras,
which is asymptotic symmetry of AdSs3 spacetime, or W (0, b) which is symmetry algebra
of near horizon of 3d black holes [29]. Also by starting with bmsy, one shows that it can
be deformed into W (a, a; a,a) which symmetry algebra of near horizon of 4d black holes.

Motivated by the diverse applications of the Maxwell algebra and by the recent results
obtained through deformation of asymptotic symmetries,here we explore deformations of
the infinite dimensional extension of the 3d Maxwell algebra given by the 9ar; algebra.
We find different new infinite dimensional algebras which may potentially appear as asymp-
totic/near horizon symmetry of certain physical theories with specific boundary conditions.
For instance, we show that 9tar; algebra can be deformed to three copies of Virasoro al-
gebras which has been obtained as asymptotic symmetry of another Chern-Simons gravity
theory [32]. Also we find that the 9tars algebra can be deformed to a four parameter
family algebra that we call M(a,b;c,d) where for specific value of parameters it is the
asymptotic symmetry of Schrodinger spacetimes [33]. The central extension of the new
algebra obtained through deformation of 9%ars algebra is also considered.

Organization of the paper. In section 2, we review the Maxwell algebra, its infinite
dimensional enhancement in 2 4+ 1 dimension and its deformations. In section 3, we anal-
yse various deformations of the infinite dimensional enhancement of the Maxwell algebra
by studying the most general deformation of the Mar; algebra. In section 4, we study
the central extensions of the obtained algebras through deformations of the infinite di-
mensional Maxwell algebra. Finally we summarize our results and discuss their physical
interpretations.

Notation. Following [34] we use “fraktur fonts” for algebras eg. b bmss, bm54, Mars and
their centrally extended versions will be denoted by a hat bm53, bm54 and imax3 We also
denote two family algebras M (a,b;c,d) and M (&, 3;7) which in our conventions Mayrs =
M(0,-1;0,—1) = M(0,0;0). On the other hand, “M(a,b;c,d) family” of algebras (of
M (a,b;c,d) family, in short), shall denote set of algebras for different values of the a,b,c
and d parameters and similarly for M (&, 3;7) family.

2 Maxwell algebra and its infinite dimensional enhancement

In this section we briefly review the Maxwell algebra, its deformations and its infinite
dimensional enhancement in 2 + 1 spacetime dimensions. The discussion about how such
infinite dimensional algebra can be obtained as extension and deformation of bmss algebra
is also presented.



2.1 The Maxwell algebra

The Maxwell algebra in d dimension can be obtained as an extension and deformation of the
Poincaré algebra. In fact one can extend the Poincaré algebra by adding Lorentz-covariant
tensors which are abelian as follows

[(Tws Mag| = _(na[#MV}B - nﬁ[uMV]a)’ (2.1)

where 7, are generators of the Lorentz algebra so(d — 1,1). Furthermore, one can deform
the commutator of translations so that it is no more zero but proportional to the new
generators M to obtain Maxwell algebra as

[jle jaﬁ] (na[u v — nﬂ[uju]a),
[T+ Pal = =(MpaPy — MvaPp), (2.2)
[\-7/1117 ﬁ] = ( a[u - nﬂ[uMu]a)a
[P/“P ] MV7

where ¢ is the deformation parameter. As we have mentioned this algebra describes a
relativistic particle which is coupled to a constant electromagnetic field [1, 2] and has
subsequently been studied in the gravity context by diverse authors in [35-55]. In three
spacetime dimensions, the Poincaré algebra has six generators, three generators for rotation
and boost and three generators for translation. In the 3d Maxwell algebra, the Lorentz-
covariant tensor adds three independent generators. Thus the Maxwell algebra in three
spacetime dimensions has 9 generators which can be written in an appropriate basis (s[(2, R)

basis) as
[jmajn] = (m n)jern,
[jmv ] = (m ) m+ns (23)
i[Tm, M) = (m — n) Mo i,
i[Pr, Pnl = (m — 1) M,

where m,n = £1,0. One then shows that the 3d Maxwell algebra can be enlarged to a new
algebra with countable basis where m,n € Z [26]. In this work we shall denote the infinite
dimensional version of the Maxwell algebra by 9ar;. Interestingly, as was shown in [10],
the latter can be obtained as the asymptotic symmetry of a 3d Chern-Simons gravity based
on the Maxwell algebra.

2.2 Infinite dimensional 3d Maxwell algebra through bmss algebra

An infinite dimensional enhancement of 3d Maxwell algebra 9ar; can be obtained as an
extension and deformation of the bmss algebra. Let us review properties of the bmsg
algebra.



The bmss algebra. The bmss algebra is the centerless asymptotic symmetry of three-
dimensional flat spacetime [18, 56]:

Z[jmv jn] = (m - n)jm+n>
Z[Pm,Pn] = 07

where m,n € Z. The bmsjs algebra is an infinite dimensional algebra which contains two
sets of generators given by 7, and P,. J generates a Witt subalgebra of bmss which is
the algebra of smooth vector fields on a circle. On the other hand P, generates an adjoint
representation of the Witt algebra and form the ideal part of the bmss algebra. From (2.4)
one can see that bmsg has a semi-direct sum structure:

bmsg = witt €4 mittab, (25)

where the subscript ab is to emphasize the abelian nature of P while ad denotes the
adjoint action. The maximal finite subalgebra of bmss is the three dimensional Poincaré
algebra is0(2, 1), associated with restricting m,n = £1,0 in relation (2.4). In particular
the generators J and P are called superrotations and supertranslations, respectively.

A central extension of the bmss algebra, denoted as b/\t'nﬁg, appears by asymptotic
symmetry analysis of three dimensional flat space:

i[Tms Tn] = (M — 1) Tinin + %mgfsm-i-n,ﬂu
i[jma Pn] = (m - n)Pern + %mséern,O’ (2'6)

i[Pm, Pn] =0,

in which cy; and cjp are the central charges and are related to the coupling constants of
the so-called exotic Lagrangian and the Einstein-Hilbert Lagrangian as follows [18, 57]

cyy = 12kay, 2.7)
Cjp — 12ka1, '

Note that the central part can also contain a term proportional to m. However, this part
can be absorbed into a shift of generators by a central term.

Extension of bms; algebra.  We are interested in a particular extension of the bmss
algebra, denoted by bmss, in which the additional generators have the same conformal
weight as the bmss generators, h = 2. The non vanishing commutators of bmss are given by

i[Tm, Tnl = (M — 1) Tintn,
i[Tms Pn] = (m — n)Prgn, (2.8)
i[Tm, Mn] = (m — n) My,

in which m, n € Z, and is defined over the field R. One can see that the algebra (2.8) has
a Witt subalgebra. In particular, the structure of bmss is the semi direct sum of the Witt



algebra with an abelian ideal part. The latter is the direct sum of generators P and M.
Then, we have
bmsz = witt € (P & M) s, (2.9)

where the P and 97 abelian ideals are spanned by P and M generators, respectively. One
can show that bmss admits only three independent central terms as

'L[jm, jn] = (m - n)jern + %mg(strn,Oa
Z[ij Pn] = (m - n)Pern + 12 35m+n 0, (2-10)
Z[jm> Mn] = (m - n>Mm+n + %mgénﬂ»n,&

One can deform the algebra in (2.8) to obtain a new non isomorphic algebra with non
vanishing commutators similarly to (2.3). Thus one can view the Mars algebra (2.3) as
an extension and deformation of the bmssz algebra. The Mars algebra as the centrally
extended Evnwg algebra (2.8) admits only three independent central terms as

ilTims T = (m = 1) T+ S 60,
. C
l[jmapn] = (m n) m4n T B 36m+n,07
2 L (2.11)
7/[jm7 Mn] = (m n) m4n + 12 5m+n 0
I[P, Pr] = (m — 1) Mot Ci;” M38mim 0.

We denote the central extension of Maxs by 971;}:3 with the commutators as (2.11).

Such infinite-dimensional symmetry algebra in presence of three central terms can also
be obtained through the semi-group expansion method [26]. This algebra describes the
asymptotic symmetry of a three-dimensional Chern-Simons gravity theory invariant under
the Maxwell algebra [10]. Interestingly, the central charges c;s, c;p and ¢y can be related
to three terms of the Chern-Simons Maxwell gravity action as follows [10]:

cyy = 12kayg, cjp = 12kaq, cim = 12kas, (2.12)

where ag, a1 and as are the coupling constants of the exotic Lagrangian, the Einstein-
Hilbert term and the so-called Gravitational Maxwell Lagrangian, respectively.

3 Deformation of tax,; algebra

In this section we study deformation of the 9tar; algebra defined through (2.3). At the
finite-dimensional level, deformations of the Maxwell algebra has been considered in [58]
leading to non-isomorphic algebras. In particular, the Maxwell algebra can be deformed in
arbitrary dimensions to the so(d —1,2) @ so(d — 1,1) and , so(d, 1) & so(d — 1,1) algebra.
The former is the direct sum of AdSy and d-dimensional Lorentz algebra and was studied
in [59, 60]. In specific dimension d = 2+1 a the Maxwell algebra can also be deformed to the
i50(2,1)@s0(2, 1) algebra. As discussed in [27] the infinite dimensional Lie algebras are not



subject to Hochschild-Serre factorization theorem. Therefore, unlike the finite dimensional
case, their deformations should be studied case-by-case. Here we can, not only, deform
the ideal part, but also the other commutators. We explore possible deformations of the
Mars algebra by deforming all commutators simultaneously. Then, we explore which of
the previous infinitesimal deformations are also a formal deformation. As it is discussed
in [27] there are different ways to show that an infinitesimal deformation is formal. As was
pointed out in [27], “the quick test” is the approach we apply here in which one shows that
the infinitesimal solution can satisfy the Jacobi identities for all order of the deformation
parameter. Specific cases where only some commutators are deformed are also discussed.
We also provide an algebraic cohomology analysis.

Further details about deformation and stability can be found in [27] where an exhaus-
tive description of deformation of Lie algebras has been presented.

3.1 The most general deformation of Mar; algebra

To our purpose we consider all deformations of the commutators of the 9ayr; algebra. The
most general deformation of the 9ayx; algebra is given by:

i[Tm, Tn] = (M = 1) T + (m = n) F(m, n) Py + (m — n)G(m, n) M in,
i[Tms Pn] = (m — n)Prpn + K(myn) Prpgn, + L(myn) Mo + O(my,n) Tt
[Ty Mn] = (m — n) Mopgn + K (m, n) Mn + I(m, ) Prgn + O(m, 1) Trngns
[P, Pr] = (m — n)Mupin + (m —n) fr(m, n) Py + (m — n)ha(m, n) Tpin,
I[P, Mp] = fa(m,n) Pt + g2(m, n) Mupin + ho(m, n) Tptn,
iMp, My] = (m = n) f3(m, 7) Pty + (m — n)gs(m, n) Mty + (m — n)hs(m, n) Tpin,

(3.1)

where the arbitrary functions can be fixed from the Jacobi identities leading to diverse
deformations. It is important to emphasize that throughout this work the indices of the
generators J, P and M which appear in the right-hand-side are fixed to be m 4+ n. On
the other hand, the functions have a polynomial expansion in term of their arguments.
Furthermore, we shall not write the deformation term as (m —n)gi(m, n)M,,+, which just
rescales the term (m — n)M,,+y, by a constant parameter as a(m — n)Mp,+,. Of course
this can be absorbed into a redefinition of generators. In what follows we study each Jacobi
identity and its respective implications.

Infinitesimal deformation. In this part we study the deformation which is called
“infinitesimal” deformation in which we consider the constraints obtained from the Ja-
cobi identities in first order of the functions. Let us consider first the Jacobi identity
[T, [T, J]] + cyclic permutations = 0 which implies in the first order in functions:

(n—=0(m—-—n—-0[Gm,l+n)+ Gn, D]+ {1 —m)(n—1—m)[G(n,l +m) + G(,m)]+
(m—n)(l —m —n)[G(l,m+n)+ G(m,n)] =0. (3.2)



Analogously, the same relation will be obtained for F(m,n). In particular, there is no
other constraint for G. Then, we have:

G(m,n) =Z(m)+ Z(n) — Z(m +n), (3.3)

provides a solution to (3.2), for any arbitrary function Z and can be seen as the most general
solution. Nevertheless, it is possible to show that the deformations of the form (3.3) are
trivial deformations since they can be reabsorbed by redefining the generators' as:

TIm = jm + Z(m)'/\;lmv P, = ﬁm’ Mm = 'A;lm’ (34)

where Jpn, P and M,, satisfy the commutation relations of the taxs algebra (2.3).
On the other hand, one finds from the Jacobi identity [T, [T, P]] + cyclic permutations
= 0 the following relation at the first order for K:

(n—0DK(m,l+n)+(m-—n—-0)K(n,l)+ (Il —m)K(n,l +m)+
+({+m—n)K(m,l)+ (n—m)K(m+n,l) =0, (3.5)

which can be solved, as was discussed in [27], by
K(m,n)=a+ pm+ym(m—n) +---. (3.6)

The same relation and solution is found for O. One can see that the Jacobi identity
[T, [T, M]] + cyclic permutations = 0 also leads to the same relation and solution as (3.5)
and (3.6) for K, I and O.

Furthermore, the Jacobi identity [T, [T, P]] + cyclic permutations = 0 also leads to a
relation for functions F' and I as

(n—=0I(m,l+n)+ (m—n—10)In1)+(1—m)l(n,l+m)+
+(+m—n)I(m,l)+ (n—m)I(m+n,l)+ (m—n){l—m—n)F(m,n) =0.
(3.7)

which is solved by I(m,n) = a+ fm —vn+ (ymn® + (A —3)nm? + (=X —y)m?) +- -
and F(m,n) =0+ Amn+ ---.

One can see that three independent relations appear by considering the Jacobi identity
[T, [P, M]] +cyclic permutations = 0 in the first order in functions. In particular, we have
the following relation for hs:

(n—Dha(m,l+n)+ (m —1ha(m+1,n)+ (I —m —n)ha(m,n) = 0. (3.8)

By setting m = n = [ we obtain mho(m, m) = 0. Then we have that hs(m,m) = 0 for
m # 0. This means that we can write ha(m,n) = (m — n)ha(m,n) where ha(m,n) is a
symmetric function. By inserting the latter into (3.8) one gets

(n—1)(m—1—n)ha(m,l1+n)+(—m)(n—m—1ho(m-+1,n)+(—m—n)(m—n)ha(m,n) =0,
(3.9)

!One can show that this result is true when different deformations (functions) are turned on simultane-
ously.



which is solved for ho(m,n) = a(m — n) where « is arbitrary constant. For the functions
f2 and O one obtains

(n—1) fo(m,1+n)+(m—1) fo(m=+1,n)+ (1 —m—n) fa(m,n) —(m—n—1)O(l,n) = 0. (3.10)
Then, by replacing m = n + [ one finds the same relation as (3.8) leading to

fa(m,n) = B(m —n) and O(m,n) = 0. Furthermore the Jacobi identity [7, [P, M]] +
cyclic permutations = 0 gives rise to a relation for go, O and I as follows

(n—10g2(m,l+n)+ (m—1)g2(m+1,n)+ (I —m—n)g2(m,n)+
+(n+1—m)I(l,n)+ (n—1—m)O(l,m) = 0. (3.11)

By studying the Jacobi identity [T, [P, P]] + cyclic permutations = 0 it is possible to
see that such identity puts not only the following constraints on the functions

(n+1—m)K(,n)+ (n—1—m)K(,m)+ (m—n)K(,m+n) =0,

) (3.12)
(n+1—m)O(l,n)+ (n—1—m)O(l,m)+ (m —n)I(l,m+n)=0.

but also leads to a new relation for fi,0 and I as

(n—=0(m—n—=10)fi(m,l4+n) + (I—-m)(n—Il—m) fi(n,l+m) + (m—n)(l—m—mn) f1(m,n)+
+(n+1-=m)O(l,n) + (n—1—m)O(l,m) + (m —n)I(l,m +n) =0. (3.13)

One may note that the relation (3.13) is linear in f;,0 and I. Furthermore, the
coefficients appearing along the O and I terms are first order in m, n, [ while the coefficients
of the f1 terms are second order in m, n,l. We expect that these functions are polynomials of
positive powers in their arguments, so one concludes that if O and I are monomials of degree
p we have that f; should be a monomial of degree p+ 1. Since the solutions of O and I are
similar to the ones of (3.6), we have that (3.13) is satisfied considering fi(m,n) = constant,
O(m,n) = a+ fm +~ym(m —n) and I = 2a + 28m + 3m(m — n). On the other hand,
one finds that (3.11) is linear in all functions so they should appear as monomial with
the same degree. Then one can insert the solutions O(m,n) = a + fm + ym(m — n)
and I(m,n) = 2a + 26m + ¥m(m — n) into (3.11) and finds that there is no solution
for ga(m,n) for none of them. Thus we have to set ga(m,n) = 0, which implies that
O(m,n) = I(m,n) = 0.

In the case of hi, one can find a relation for such function from the Jacobi identity
[P, [P, P]] + cyclic permutations = 0 which implies at first order in function the following

relation:
(n—=0)(m—n—0hi(n,1)+(I—m)(n—l—m)h1(l,m)+(m—n)(l—m—n)hi(m,n) =0, (3.14)

which is solved for hj(m,n) = constant.
Following the same procedure, it is possible to show from the Jacobi identity
[P, [P, M]] 4+ cyclic permutations = 0 that the functions g3, f3 and hg have to satisfy:

(m—n—=10)fa(n,l) — (n—m—1)fa(m,l) + (m —n)(l —m —n)gs(l,m +n)+
(m—n)(l —m —n)hi(m,n) =0, (3.15)
(m—n—10ha(n,l) — (n—m—1ha(m,l) + (m —n)(l —m —n)f3(l,m+n) =0, (3.16)



and
(m—n)(l —m —mn)hs(l,m+n) =0, (3.17)

which imply hg(m,n) =0, g3(m,n) = constant and f3(m,n) = constant.

Finally, one can show that the Jacobi identity [7, [M, M]] + cyclic just leads to the
same results as before for f3, g3 and hs, while the Jacobi identity [M, [M, M]]+cyclic does
not lead to any new constraint in first order of functions.

Formal deformation. Until here we have obtained non trivial solutions for different
functions which led to simultaneous infinitesimal deformations. In fact, we can turn on
infinitesimally the functions fi, fo, f3, g2, 93, h1, he, K, K, I, G and F at the same
time. However all of these infinitesimal deformations can not be extended to a “formal”
deformations. To obtain a formal deformation, the functions should satisfy the Jacobi
identities for all orders in functions. Here without entering the details, we will review the
possible formal deformations.

As summary, one can see from the Jacobi identities that the non-trivial formal de-
formations of the May; algebra can be classified in four different algebras. As we shall
see, two of the deformed algebras can be written as the direct sum of known structures.
The others deformed algebras are new infinite dimensional algebras. In particular, a new
family algebra reproduces, for particular values, interesting results already known in the
literature. In what follows we discuss the diverse deformations obtained induced by one of
several functions simultaneously. One can show that there is no additional formal defor-
mations when we consider other possible infinitesimal deformations induced by the present
functions.

3.1.1 The M(a,f;7) algebra

One of the new formal deformations obtained is induced by the functions F'(m,n) = v and
I(m,n) = a+ fm—vn coming from (3.19) such that the new algebra satisfies the following
non vanishing commutation relations:

i[Tms Tnl = (M = n) Ttn + V(M — n) Prn,

i[Tms Pul = (M = 0)Prin + (@ + S — in) My, (3.18)
i[ T, Ml = (m = n) M i,

i[Pm, Pn] = (m — n) M tn.

We call this new family algebra as M (&, 3; 7). One can check that the functions F(m,n)
and I(m,n) are fixed by the Jacobi identity [T, [T, J]] + cyclic permutations = 0 which
implies the non linear relation in deformation parameter as

(m—=DF(n,0)I(m,n+1)+({(—m)F({,m)I(n,l+m)+ (m—n)F(m,n)I(l,m+n) =0,
(3.19)

whose solution is given by F(m,n) = 7 and I(m,n) = a + Bm — vn.
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To our knowledge, this is a novel structure whose global part has not been explored
yet. It would be interesting to study the implication of such symmetry and analyze diverse
values for @&, B and v.

It is interesting to note that ¥ = 0 reproduces a deformed algebra induced by I =
a—fm. The particular case M (&, 3;0) can be recovered by deforming only the commutator
[Tons Pn] which implies I = &+ Bm+3ym(m—n)+--- from the Jacobi identity [J, [, P]] +
cyclic permutations = 0 as we have previously discussed. A specific redefinition of the
generators can be considered as

In=Tns Pn=Pu+ Fm)Mp, My = M. (3:20)
This redefinition does not change the ideal part and yields to the following relation:
(m —n)(F(n) — F(m + 1)) Mpmin = I(m,n) My, 1n. (3.21)

One can then check that the solutions given by I(m,n) = ym(m—mn)+... can be absorbed
by the above redefinition when F(m) = ag 4+ aym + agm? + - - -. In this way, the only non
trivial formal deformation induced by I(m,n) is

[T Pr] = (m = 1) P + (@ + Bm) My . (3.22)

An interesting feature of the M(a, 3;7) algebra is that such symmetry is obtained by
deforming the commutators [, J] and [J,P] which are not the ideal part of the infinite
dimensional algebra. As we known from the Hochschild-Serre factorization theorem, in
the case of finite dimensional Lie algebra, the deformation of a Lie algebra can only be
performed at the level of the ideal part without modifying the other commutators. Here,
our result could confirm the conjecture made in [27, 30] in which the Hochschild-Serre
factorization theorem might be extended for infinite dimensional algebras as follows: For
infinite dimensional algebras with countable basis the deformations may appear in ideal and
non-ideal parts, however, the deformations are always by coefficient in the ideal part.

3.1.2 The M(a,b;c,d) algebra

Another formal deformation is obtained by turning on simultaneously the functions K and
K. One can show from the Jacobi identities [7,[7,P]] + cyclic permutations = 0 and
[T, [T, M]] + cyclic permutations = 0 that (see (3.5) and (3.12))

K(m,n) = a+ Bm, K(m,n) =20+ 28m, (3.23)

which is only solution in all orders in functions.
The new algebra, which we name it as M(a,b;c,d) algebra, has the following non
vanishing commutation relations

[jma jn] ( - n)jm—l—nv
ms b m+n;
i1, Pa] = (b + .+ )Py .
l[jma ] dm"’”"‘ )Mm+n7
[P, Pn] = (m — n) Mg,
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where ¢ = 2a = —2cvand d = b— 3 = —23 — 1. One can show that such formal deformation
can alternatively be obtained by considering the functions K K and I simultaneously.
Indeed, from the Jacobi identity [7, [7, P]] + cyclic permutations = 0 we have K and K
are given by (3.23) and I = &(a + fm). Although such functions seems to induce a new
formal deformation, one can use the same redefinition as in (3.20) to obtain

[Ty P+ F(n)My] = (m —n + o+ Bm)( i + F(m + n)Mm+n> + &(a + Bm)Mopin,
(3.25)
which reproduces the same algebra as (3.24) when F(m) = constant = &.
As it is discussed in [27], in context of 2d conformal field theory the parameters b and
d are related to h and h, which are the conformal weight of P and M respectively, through
b=1—hand d =1—h. On the other hand, the parameters a (or ¢) is related to the
periodicity properties of primary field P(¢) (or M(p)) through

Plp+2m) = e¥™Pp),  Pp) =Y Ppe't?®

It is interesting to point out that diverse infinite dimensional structures appears for specific
values of a,b,c and d. In particular, let us suppose that a = ¢ = 0 in (3.24) and let us
consider different values of b,d. First we set b = 0,d = 1 which leads to the algebra
M(0,0;0,1) with the following commutators

{jm, jn] = (m - n)jm—Hm

ilTms Pn] = (=n)Pmn, (3.26)
i[Tms Mp] = (=m — n)Muypin,

[P, Pnl = (m — 1) M.

The generators P and M can be seen as a U(1) current and a primary operator with
conformal weight h = 0, respectively. The infinite dimensional algebra (3.26) corresponds
to a Maxwellian version of the so-called u(1) Kac-Moody algebra. A different choice is b =

2 ,d = 0 which leads to a new algebra M (0, —%; 0, 0) whose non vanishing commutators
are given by

[jmajn] (m )jm—‘rnv

jma n = 5 ) m+n» (327)
[jma n] = ( 77,) m+n»
[vapn] = (m —n)Mpin,

in which the generators P and M can be seen as a primary operator with conformal weight
h = % and a U(1) current, respectively. This algebra is known as twisted Schrodinger-
Virasoro algebra [61]. In this reference the infinite enhancement of 3d Maxwell algebra,
which is called sv;(0), is obtained as a deformation of the twisted Schrodinger-Virasoro
algebra.
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When the indexes of the generator P are half integer valued the algebra corresponds to
the so-called Schridinger-Virasoro algebra with spatial dimension d = 1. The Schrédinger-
Virasoro algebra has a global part which is spanned by 6 generators Jo +1, Py 1 and M
where the latter appears as a central term. There are different works, for instance [33, 62],
in which the authors have tried to find the Schrodinger-Virasoro algebra as asymptotic
symmetry of some spacetimes.

An interesting feature of the M (a, b; c, d) is that, as the M (a, 3; 7) algebra, such defor-
mation confirms the conjecture made in [27, 30]. Indeed, one can see that such deformation
is obtained by considering coefficients in the ideal part.

Let us note that the family algebra M (a,b;c,d), for some specific values of its param-
eters, can be deformed into new algebras out of this family. For example the Max; algebra
given by M (0,—1;0,—1) can be deformed in its ideal part into bmss @ witt as we shall see
in the next section. Furthermore, the Schrédinger-Virasoro algebra given by M (0, %; 0, 0)
can be deformed in its [J, J| commutator. Despite this, it seems that the family algebra
M (a,b; c,d) is stable in the sense that for generic values of its parameters it can just be de-
formed into another family algebra M (a, b; ¢, d) with shifted parameters. The latter should
however be proved by direct computations.

As an ending remark, let us note that in [33] they introduced the algebra with the same
structure as M (a, b; ¢, d). This algebra which is obtained with specific values of parameters

as M (22; 2 %1; 222, 222), is introduced as asymptotic symmetry algebra of Schrédinger

spacetimes.

3.1.3 The bms; ® witt algebra

A new formal deformation appears by studying the deformation of commutator [P, Pp]
without modifying the other commutation relations. Indeed, as we have previously dis-
cussed, the Jacobi identity [P, [P, P]] +cyclic permutations = 0 leads to relations (3.13)
which is linear in functions. A non linear relation also appears from such Jacobi identity as

(n=0m-—n—=10)fi(n,0)fr(m,l+n)+ (—m)n—1—m)fi(l,m)fi(n,l+m)+

(m—n)(l—m —n)fi(m,n)f1(l,m+n)=0. (3.28)

with the same solution as fi(m,n) = constant. The complete analysis to solve the equation
for f1 in the relation

(n—0)(m—n=10)f1(m,l+n)+({—m)(n—1l—m) f1(n,l+m)+(m—n)(l—m—n)fi(m,n)=0,

(3.29)
can be found in [27]. One can show that the new algebra
@[jm, jn] = (m - n)jm—l—na
'jmylpn = —n)Pm )5
.Z[ | = (m —n)Pmy (3.30)
Z[jmy Mn] = (m - n)Mm—i-nv
i[Pm, Pn] = (m —n)Mpin +e(m — n)Ppin.
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obtained by fi(m,n) = e, with € being an arbitrary constant, is not isomorphic to the
original algebra and hence the deformation is non trivial. By a redefinition of generators? as

jm = Lm + Sm, Pm =1im + Sma Mm = _Tma (331)

one reaches to the new algebra with non vanishing commutators

i[Lym, Ln) = (m — n) Ly gn,
i[Lm, Tn] = (m — n)Tpypn, (3.32)
i[Sm, Sn] = (m —n)Spm4n-

The new algebra (3.32) has the direct sum structure as bmss @ witt. The global part of the
algebra (3.32) corresponds to the iso(2,1) @ so0(2, 1) algebra when we restrict ourselves to
m,n = £1,0 which is the direct sum of the 3d Poincaré and the 3d Lorentz algebras. Such
finite structure has also been obtained as a deformation of the d = 2 + 1 Maxwell algebra
in [58] but not at the same basis as (3.30). Note also that this algebra is a subalgebra of
W (0,—1;0,0), which is obtained as deformation of bms, algebra [30].

Interestingly the same structure can be obtained by turning on f; and go simultane-
ously. In fact we have from the Jacobi identity [P, [P, M]] + cyclic permutations = 0 the
following relation

g2(n, D) ga(m,n +1) — ga(m,1)ga(n,l + m) — (m — n)ga(m +n,) fi(m,n) =0, (3.33)

which is solved for ga(m,n) = e(m — n) and fi(m,n) = . Let us note that ga(m,n) =
e(m — n) comes directly from a relation similar to (3.8) as a consequence of the Jacobi
identity [P, [M, J]] + cyclic permutations = 0. So the commutators of the new algebra
obtained through this deformation are

i[Tm> Tnl = (M — 1) Tmtns
i[Tm, Pn] = (m — n)Prysn,
i[Tmy Mn] = (m —n) M, (3.34)
I[P, Pn] = (m — n)Muptn + (m — 1) Ppytn,
i[Pm, My] = e(m — n) Mpin,
i[Mp, My] = 0.

One can show that the bmss @ toitt algebra appears by considering an appropriate redefi-

nition of the generators as®

In=Lm+Sm,  Pm=Lmn+Tn,  Mpn=Th. (3.35)

2The deformation parameter can be removed by an appropriate redefinition as P = eP and M = 2 M.
3For convenience we drop the deformation parameter in our redefinition since it can be absorbed by an
appropriate redefinition of the generators.
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3.1.4 The witt @ toitt @ witt algebra

Three copies of the Witt algebra can be obtained through deformations induced by two or
more functions simultaneously and after an appropriate redefinition of the generators. Here,
based on (3.10) for f, and using (3.15) for g3, we shall turn on two functions simultaneously.
Indeed, the Jacobi identity [M,[M,P]] + cyclic permutations = 0 and [M, [M, M]] +
cyclic permutations = 0 gives rise to non linear relations as

fo(lyn) fo(l +n,m) — fa(l,m) fa(l + m,n) + (m — n)gs(m,n) fo(l,m +n) =0,  (3.36)
and

(n— D)(m — 1 — gs(n, Dga(m, +n) + (1 — m)(n — L — m)gs(l, m)ga(n, 1 + m)+
+ (m —n)(l —m —mn)gs(m,n)gs(l,m +n) =0, (3.37)

where is also satisfied with the solutions fa(m,n) = A(m — n) and g3(m,n) = \. Then we
find the following formal deformation of the 9ar; algebra

Z[jm, jn] = (m - n)jm—l—'m
Z[jma Pn] = (m - n)Pm+na
jma Mn = - Mm ny
T M) = (2 = 1) Mo )
Z[Pm, Pn] = (m - n)Mm+na
i[Pm, Mp] = AX(m — 1) Prgn,
iMop, Mp] = A(m — n)Mpin
Upon the following redefinition of the generators,
Im = Ly + Ty + S, P = Ly, — Trn, My, = Ly + T, (3.39)

the above algebra reproduces three copies of the Witt algebra

i[Lm, Lyn] = (m — n) Ly,
i[Tn, Tn) = (m — n)Tpin, (3.40)
i[Sm, Sn] = (M —n)Spmin.

This result is the infinite dimensional generalization of the one obtained in [58] for the
2 + 1 Maxwell algebra which was called k—deformation. In particular, they showed that
the k—deformation leads to one of s0(2,2)®s0(2,1) or s0(3,1)Ps0(2,1) algebras depending
on the sign of the deformation parameter. On the other hand, the three copies of the Witt
algebra have three s[(2,R) algebras as their global part. In this specific basis both s0(2, 2)
and s0(3,1) are written as s[(2,R) @ s[(2,R), while so(2,1) is written as sl(2,R). At the
gravity level, the so-called AdS-Lorentz algebra, which can be written as three so(2,1),
allows to accommodate a cosmological constant to the three-dimensional Maxwell Chern-
Simons gravity action [9, 32, 63].
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It is interesting to note that three copies of the Witt algebra can alternatively obtained
by turning on other functions. Indeed one can easily verify that fi(m,n) = gs(m,n) =46
and fo = §(m — n) also reproduces such structure. The formal deformations induced by
two functions simultaneously as h; and g3 or ho and f3 also reproduce the three copies
of the Witt algebra after an appropriate redefinition of the generators. It is important to
clarify that such deformations with coefficients being not in the ideal part can be obtained
as a redefinition of a deformed Max; algebra with coefficients in the ideal part such that
the conjecture presented in [27, 30] about a possible extension of the Hochschild-Serre
factorization theorem is still valid.

One could conjecture that, based on the analysis done for the direct sum of two Witt
algebras [27], the direct sum of three Witt algebra is rigid. Furthermore, one could expect
to recover the toitt @ titt @ toitt algebra as a deformation of the bmss @ toitt algebra since
we know that the bmss algebra is not stable and can be deformed to two copies of the Witt
algebra.

3.2 Algebraic cohomology argument

Until now we have classified all possible nontrivial infinitesimal and formal deformations
of the Mayr; algebra by studying the Jacobi identities. As discussed in [27], one can
approach and analyze such issue by cohomology consideration. Indeed one can classify
all infinitesimal deformations of the Maxs algebra by computing H?(Mars; Maxs). In our
previous works, in which we tackled Lie algebras with abelian ideal, we used the theorem 2.1
of [64] which is crucial for cohomological consideration. Nonetheless, we cannot use this
theorem here since Mars does not have abelian ideal. We shall only state our result in
cohomological language. As we can see from the our results in previous part, we have just
four formal deformations for the 9Mayr; algebra. It is obvious that both M (a,b;c,d) and
M (&, 3; 7) family algebras are deformed by the K, K, T and F terms, with coefficients from
ideal part, P and M. The same argument is true for the new algebra bmss @ toitt which is
obtained through deformation induced by fi with coefficient in P. The three copies of the
Witt algebra can be obtained via deformation induced by hi, g3 or hs, f3 and also by fa, g3,
which means that the two first cases are just a redefinition of the latter. As summary, we
have shown that, unlike the Hochschild-Serre factorization theorem of finite Lie algebras,
other commutators of May; algebra, except the ideal part, can also be deformed but only
by terms with coefficients from the ideal part. As it has been discussed in the works [27, 30]
this result can be viewed as an extension of the Hochschild-Serre factorization theorem for
infinite dimensional algebras.*
In the cohomological language our results for the 9ar; algebra can be written as

H? (Maxs; Mars) = H2(Maxs; h). (3.41)

where b denotes the ideal part of 9Mlayrs algebra spanned by generators P and M.

4Here we are tackling infinite dimensional Lie algebras which are extensions of the Witt algebra.
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4 Central extensions of the deformed 9tayr; algebras

In this section, we present explicit central extensions of the infinite-dimensional algebras
obtained as a deformation of the Mars algebra introduced previously. In particular, one
of the central extension reproduces a known asymptotic symmetry of a three-dimensional
gravity theory.

4.1 Central extension of the bmss @ witt and the witt & witt @ witt algebra

We have shown that ones of the deformations of the Mar; algebra are given by the bmss @
toitt and three copies of the Witt algebra. In this section we briefly review the known
central extensions of the bmss and the Witt algebra.

The most general central extension of the bmss @ ritt is given by

. C

i[Lon, L] = (m — 1) Lypsn + %m?’ammo,

. C

i[Lin, Tl = (m — 1) Toen + %m%mn,o, (4.1)
. C

i[Sms Sn] = (M — 1) Smin + om0,

12
where the central charges ¢y, ¢ and cgg can be related to three independent terms of
the Chern-Simons is0(2,1) @ s0(2, 1) gravity action as follows:

CLL — 12k0¢0, CrT = 12ka1, Css = 12kﬂ0, (4.2)

where ag and a; are the respective coupling constants appearing in the three-dimensional
Chern-Simons Poincaré gravity. On the other hand, Sy is the coupling constant of the
exotic Lagrangian invariant under the so(2,1) algebra. It would be interesting to explore
the central terms in the basis {7, Pm, M, } and the possibility that the central extensions
of the infinite-dimensional algebras (3.30) and (3.34) appears as the asymptotic symmetries
of three-dimensional gravity theory invariant under deformations of the Maxwell algebra.

On the other hand, a central extension for the toitt & witt @ toitt algebra is naturally

given by
. c
Z[LWM Ln] = (m - n)Lm—l—n + %m35m+n,07
. °rT 3
i T, Tn) = (m — n)Tpin + T3 m Sm+n,0 (4.3)
. Css
i[Sms Sn] = (M —n)Spman + Em35m+n70.
Interestingly, considering the following redefinition of the generators
1 1
and the following redefinition of the central terms
1 1
cLL = §(CJM +cyp), crT = i(CJM —cyp), css=(cry—cim)- (4.5)

we recover the asymptotic symmetry of the Chern-Simons gravity theory invariant un-
der the so-called AdS-Lorentz algebra [32]. Such symmetry has been previously studied
in [9, 58, 59, 63] and extended to higher dimensions in [65-67] in Lovelock theory.

17 -



4.2 Central extension of M(a,b;c,d)

Here we shall classify the central terms of the M(a,b;c,d) algebra. One can easily find
that the M (a, b; ¢, d) algebra for generic values of parameter space a, b, ¢ and d admits only
one central term in its Witt subalgebra. However there are some specific points in which
it is possible to have other non-trivial central terms. We follow the results of the work [68]
which classifies the central terms of W (a, b) algebra.

4.2.1 Central terms for specific points in parameters space of M(a,b;c,d)

M(0,0;0,1) case. By setting the parameters as a,b,c = 0,d = 1 we obtain a new algebra
with non vanishing commutators as in (3.26). One can readily check that there is a central

3 so we shall take it in account in what follows.

term in the Witt subalgebra given by cj;m
Let us consider now the central term as [T, Pn] = (—1)Pm4n+S(m, n) where S(m, n) is an
arbitrary function. One can see that the Jacobi identity [J, [T, P]]+ cyclic permutations =

0 implies the following constraint
—1S(m,n+1)+1S(n,l+m)+ (n —m)S(m+n,l) =0, (4.6)

If the function S(m,n) is a symmetric function by setting [ = 0 one obtains S(m+n,0) = 0.
Then the only solution is S(m,n) = Cme25m+n’0 in which cyp is an arbitrary con-
stant as expected from central extension of the u(1) Kac-Moody algebra [27]. On the
other hand, one can show that there is no solution for S(m,n) being an anti sym-
metric function. The rest of the Jacobi identities do not put additional constraints on
S(m,n) reproducing a non trivial central extension. Another central term can appear as
[Ty My] = (—m—n) M0+ T (m,n) where T'(m, n) is an arbitrary function. The Jacobi
identity [J, [J, M]] + cyclic permutations = 0 leads to

(—n —=DT(m,n+1)+ (m+1D)T(n,l +m)+ (n—m)T(m+n,l) = 0. (4.7)

If the function T'(m,n) is a symmetric function one obtains T'(m,n) = T(m + n,0) =
T(m +n). Then we have T'(m,n) = (cjp1m + ciM2)0m+n,0 Where cypr 2 are arbitrary
constants. On the other hand the Jacobi identity [P, [P, J]] + cyclic permutations = 0
implies T'(m,n) = 0. One can also see that there is no solution for 7'(m,n) being an anti
symmetric function. Let us consider now the presence of central terms in both [ 7,,, M,] =
(=m —n)Mpsn +T(m, 1) 4n41,0 and [Pry, Pr] = (m —n) Moy + U (M, 1) 0pmgn,0 simul-
taneously. The Jacobi identity [P, [P, J]] + cyclic permutations = 0 leads to

(M)U(m,n+1) — (m)U(n,l+m)+ (m —n)T(l,m+n)) 6minti0 =0, (4.8)

which does not have a non zero solution for U(m,n) when T(m,n) = cjp1m. However
when we consider T'(m,n) = cjpre, one finds U(m,n) = c¢jpre which represents another
non trivial central extension. An additional central term can appear in [Py, P,] = (m —
n)Mnin + U(m, n)6m4n,0 when other central terms are turned off. The Jacobi identities
[P, [P, P]] + cyclic permutations = 0 and [P, [P, M]] + cyclic permutations = 0 do not
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constrain U(m,n). The only remaining Jacobi identity is [P, [P, J|]+cyclic permutations =
0 which implies
(MU m,n+1) — (m)U(n,l +m)) dpmsn+i0 =0, (4.9)

with U(m,n) = cppm. However, it is possible to see that the following redefinition
My = Mo + ¢S, (4.10)

do not reproduce a non trivial central extension for ¢ = —c’% since the central term cpp
can be absorbed.
To summarize, the most general central extension of M (0,0;0,1) is

Z[jma jn] (m — n)Jm—i—n + T;m35m+n 0,
i[Tms Pp] = (=1)Prin + cypm 5m+n 0 (4.11)
Z[jm;Mn] = ( m— ) m+n+CJM5m+n07
Z[va Pn] = (m ) m4n + CJM(Sm-‘,-n 0-
M(0,—2;0,—3) case. The next values of the parameters which we will consider is a =
c=0,b=—2,d = —3 for which we obtain a new algebra with non vanishing commutators as
[jmy j’n] = (m -n jm-‘,—n,
N/ y = m — P
[ m ] ( ) m+n (4'12)
Z[jmv ] = ( 3m — )Mm+n7
i[Pm, Pn] = (m — n) Myin.

Let us consider first the central term in [, Pn] = (—m — n)Pmtn + S(m,n). The Jacobi
identity [J, [J,P]] + cyclic permutations = 0 reproduces the same constraint as (4.7) on
S(m,n). So we obtain S(m,n) = (cjpim + ¢jp2)0dm+no. One can turn on a central
term as [Jm, My| = (=3m — n)Myin + T(m,n). The Jacobi identity [M,[M,T]] +

cyclic permutations = 0 implies
—@Bn+1)S(m,l+n)+ Bm+1)S(n,l +m)+ (n —m)S(m+n,l) =0, (4.13)

which has no non trivial solution leading to T'(m,n) = 0. On the other hand one may
consider the central term as [Py, Pn] = (m — n) M4y + U(m, n)0m4n,0 however this does
not lead to a non trivial central term. Therefore, there is no further central extensions for

M(a =c=0,b =—-2,d = —3) and the most general central extension of this algebra is
given by
, c
[Ty T = (= 1) Foncn + =51 00,
i[Tm, Pr) = (=m0 — 1) Pryn + (cyp1m + ¢1p2)min,0, (4.14)
Z[jm: Mn] - (—3771 - n)Mm—l—na

i[Pm, Pn] = (m — n) My pn.

As we can see this is in contradiction with the result of theorem 5.7. of [69] in which they
did not mention the term cjp10m4no in (4.14).
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M (0, —%; 0, 0) case. Another value of the parameters that one could explore is a =
c=0,b= —%,d = 0 which leads to the new algebra (3.27). As mentioned before this
algebra is known as the twisted Schrédinger-Virasoro algebra. According to the theorem
2.2 in [68] we know that there is no central term in the [J,,,P,] commutator.” One
can indeed show from the Jacobi identity that the only central extension for the twisted
Schrodinger-Virasoro algebra appears in its Witt subalgebra:

CjJ

T2m35m+n,0a

i, Pl = (5 = 1) Pt

i[Pm, Pn] = (m

(4.15)

4.3 Central extension of M(a, 3;7)

As we have mentioned the functions I(m,n) and F'(m,n) are just constrained by the Jacobi
identities [, [T, J]] + cyclic permutations = 0 and [7, [J, P]] + cyclic permutations = 0.
Let us then consider the central terms constrained by these Jacobi identities. In particular,
let us first consider the central term as [Jm, Tn] = (M — n)Tmin + 7(m — n)Ppan +
R(m,n)0m+no. From the Jacobi identity [J,[J,J]] + cyclic permutations = 0 we find
the solution R(m,n) = cyym3. Let S(m,n) be an arbitrary functions which appears in

(T, Pr] = (M — n)Ppyn + (@ + Bm)Monin + S(m,n) and satisfy the following constraint
(n—=0S(m,l+n)+ (1 —m)S(n,l+m)+ (n—m)S(m+mn,l)=0. (4.16)

The Jacobi identities [J,[J,J]] + cyclic permutations = 0 and [7,[J,P]] +
cyclic permutations = 0, as expected, indicate the existence of a central term S(m,n) =
c me3(5m+n70. One can see that a central term can also appear in the commutator
[(Tm, Myp] = (m — n)Mptn + T(m,n) where T'(m,n) is an arbitrary function. From
the Jacobi identity [J,[J, M]] + cyclic permutations = 0 we find that the function is
fixed as T(m,n) = cjprm3mno if we also turn on the same central term in [P, Pn] =
(m — n)Mpqn + U(m,n) with U(m,n) = cjpém+n,o. However one should also consider
the Jacobi identity [T, [T, P]] + cyclic permutations = 0 which leads to

com ((@+ Bn — ol)m3 — (a+ Bm + vl)n3 + o(m — n)l?’) Om4nt1,0 = 0. (4.17)

Let us note that since the three parameters &, 8 and 7 are independent, there is no solution
for the above expression for @, 3,7 # 0. Nevertheless for &@ = 7 = 0, we have the non trivial
central extension T'(m,n) = U(m,n) = cjpm3Smino. Thus, we conclude that the most

5This can be easily checked by adding a central term like S (m,n) to this commutator and considering
the Jacobi identity [J, [T, P]] + cyclic permutations = 0.
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general central extension for the M (0, 3;0) algebra is given by

Z[jma jn] (m )jm+n %m3ém+n,0a
Z[jma Pn] (m ) mn T+ /BmMm+n %m36m+n,05
iy (4.18)
Z[jma Mn] ( TL) m4n ‘|’ 12 5m+n 0
. C
Z[Pma Pn] (m ) man + %m35m+n,0-

5 Summary and concluding remarks

In this work we have considered the deformation and stability of 9tar; algebra which
is the infinite enhancement of the 2 + 1 dimensional Maxwell algebra and describes the
asymptotic symmetry of the Chern-Simons gravity theory invariant under the Maxwell
algebra [10]. We have shown that the 9tars algebra is not stable and can be deformed
to four possible formal deformations. The 9Mars; algebra can be formally deformed into
bmssz & toitt or three copies of the Witt algebra in its ideal part. Furthermore, the Mag,
algebra can be formally deformed into two new families of algebras when we consider
deformations of other commutators. The new infinite dimensional algebras obtained have
been denoted as M(a,b;c,d) and M(a,3;7). In particular, the Maxs algebra can be
formally deformed to the (twisted) Schrédinger Virasoro algebra for the specific values of
parameters a = ¢ =d = 0 and b = —5,
algebra of the spacetimes invariant under Schrédinger symmetry [33, 62].

which can be seen as the asymptotic symmetry

We have then considered possible central terms for the obtained algebras through
deformation procedure. We have first briefly review the well-known central extensions of
the bmss and the toitt algebra. We also explored the central extensions of M (a,b;c,d) and
M (&, 3;7) in some specific points of their parameters space. For a generic point in the
parameter space M (a, b;c,d) algebra admits only one central term in its Witt subalgebra.
For specific values of parameters it can admit more central terms which means that the
deformation procedure can change the number of possible non trivial central terms. On
the other hand the algebra M (@, 3;7) in general admits two non trivial central terms and
a third central terms can appear for @ = 7 = 0 in M(&, 3;7) as in the 9ax; algebra.

It is important to emphasize that two family algebras M(a,b;c,d) and M(a, ;)
have been obtained by deforming commutators being not at the level of the ideal part.
Interestingly, similar results have been obtained by deforming the bmss and bms, algebras
n [27, 30]. The examples considered in this paper, hence confirm the conjecture made
in [27, 30], that the Hochschild-Serre factorization (HSF) theorem® might be extended for
infinite dimensional algebras as follows: the infinite dimensional Lie algebra’ with countable
basis can be deformed in all of its commutators but only by terms with coefficients from
the ideal part. The results obtained for the 9tayr; algebra reinforce this conjecture.

®The Hochschild-Serre factorization (HSF) theorem states that we can only deform the ideal part of Lie
algebra and other commutators remain untouched.

"Here by infinite dimensional Lie algebras, we mean those algebras who are obtained as extensions of
the Witt algebra.
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It is interesting to point out that the central extension of one of our deformations of the
Mars algebra is a known asymptotic symmetry. Indeed three copies of the Virasoro algebra
describes the asymptotic structure of a three-dimensional Chern-Simons gravity theory
invariant under the so-called AdS-Lorentz algebra [32]. In the stationary configuration,
analogously to the Maxwell case, the additional gauge field appearing in the AdS-Lorentz
case modifies the total energy and angular momentum. It would be interesting to explore
how the total energy and angular momentum are influenced by the additional gauge field
related to the other deformations and analyze the existence of a limit allowing to recover
the conserved charges of the Maxwell one or those of General Relativity. Moreover, the
study of a limit allowing to recover known gravity theories from a CS action based on
the deformations considered here could be of interest. In particular, if a gravity theory
based on an enlarge symmetry is appropriate for approach more realistic theories then
these theories should at least satisfy the correspondence principle, namely they must be
related to General Relativity.

On the other hand, as was discussed in [14], there is a particular choice of the parame-
ters appearing in the Hietarinta-Maxwell Chern-Simons gravity theory which do not break
the Hietarinta-Maxwell algebra but deforms it to three copies of the s[(2, R) algebra which
coincide with the finite subalgebra of the three copies of the witt algebra. Then it would be
interesting to explore if there is other choice of the parameters of the Hietarinta-Maxwell
theory leading to the finite dimensional deformations presented here. Regarding the central
extension of the deformed Mays algebra, one could study if there is a particular range of
the parameters appearing in the central charges obtained here allowing to reproduce those
of known theories.

Another aspect that deserves to be explored is the explicit derivation of the infinite-
dimensional algebras introduced here by considering suitable boundary conditions. One
could conjecture that the deformations of the Mar; algebra should correspond to the re-
spective asymptotic symmetries of three-dimensional Chern-Simons gravity theories based
on deformations of the Maxwell algebra. Naturally, one could obtain a large number of pos-
sible asymptotic symmetries for several CS gravity models. The physical implications and
motivations of every deformation should properly studied first. As in the Maxwell case
(or in the Hietarinta case), the new deformations could have interesting features which
would be worth it to study. In particular, one could explore if the theory invariant under
deformation of the Maxwell algebra may change the thermodynamics properties of Black
hole solution like their entropy.

It is worthwhile to study possible generalizations of our results to other (su-
per)symmetries. The study of the solutions and asymptotic structure of the Maxwell
superalgebra and its deformations remains as an interesting open issue. Furthermore,
one could analyze for which values of the parameters the family algebras M(a, b; ¢, d) and
M (&, B; 7) admit a well-defined supersymmetric extension. The next problem which would
be interesting to explore is studying the group associated to the 9Mlar; algebra and asking
how deformation procedure affects at the group level and its representations. Recently, the
group associated to Mars algebra and its coadjoint orbits have been considered [70] so one
might asked about the connection between coadjoint orbits of this group and the groups
associated to the deformation of 9taxs obtained here.

- 29 —



Acknowledgments

This work was supported by the CONICYT — PAI grant No. 77190078 (P.C.). H. R. S
acknowledge the partial support of Iranian NSF under grant No. 950124. H.R.S. wishes
to thank to M. Henneaux and S. Detournay for their kind hospitality at the Physique
Théorique et Mathématique department of the Université Libre de Bruxelles (ULB) which
part of this work was done and acknowledges the support by F.R.S.-FNRS fellowship
“Bourse de séjour scientifique IN”. P.C. would like to thank to the Direccién de Inves-
tigacién and Vice-rectoria de Investigacion of the Universidad Catdlica de la Santisima
Concepcién, Chile, for their constant support. The authors would like to thank H. Afshar,
S. Detournay and M. M. Sheikh-Jabbari for the correspondence and comments.

Open Access. This article is distributed under the terms of the Creative Commons
Attribution License (CC-BY 4.0), which permits any use, distribution and reproduction in
any medium, provided the original author(s) and source are credited.

References

[1] R. Schrader, The Maxwell group and the quantum theory of particles in classical
homogeneous electromagnetic fields, Fortsch. Phys. 20 (1972) 701 [INSPIRE].

[2] J. Beckers and V. Hussin, Minimal electromagnetic coupling schemes. II. Relativistic and
nonrelativistic Mazwell groups, J. Math. Phys. 24 (1983) 1295 NSPIRE].

[3] H. Bacry, P. Combe and J.L. Richard, Group-theoretical analysis of elementary particles in
an external electromagnetic field. 1. the relativistic particle in a constant and uniform field,

Nuovo Cim. A 67 (1970) 267 [INSPIRE].

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

[5] S. Bonanos and J. Gomis, A Note on the Chevalley-Eilenberg Cohomology for the Galilei and
Poincaré Algebras, J. Phys. A 42 (2009) 145206 [arXiv:0808.2243] INSPIRE].

[6] S. Bonanos and J. Gomis, Infinite Sequence of Poincaré Group Extensions: Structure and
Dynamics, J. Phys. A 43 (2010) 015201 [arXiv:0812.4140] [nSPIRE].

[7] J.A. de Azcarraga, K. Kamimura and J. Lukierski, Generalized cosmological term from
Mazwell symmetries, Phys. Rev. D 83 (2011) 124036 [arXiv:1012.4402] [INSPIRE].

[8] P. Salgado, R.J. Szabo and O. Valdivia, Topological gravity and transgression holography,
Phys. Rev. D 89 (2014) 084077 [arXiv:1401.3653] [INSPIRE].

[9] S. Hoseinzadeh and A. Rezaei-Aghdam, (2 + 1)-dimensional gravity from Mazwell and
semisimple extension of the Poincaré gauge symmetric models, Phys. Rev. D 90 (2014)
084008 [arXiv:1402.0320] INSPIRE].

[10] P. Concha, N. Merino, O. Migkovi¢, E. Rodriguez, P. Salgado-ReboLled6 and O. Valdivia,
Asymptotic symmetries of three-dimensional Chern-Simons gravity for the Mazwell algebra,
JHEP 10 (2018) 079 [arXiv:1805.08834] [INSPIRE].

[11] S. Bansal and D. Sorokin, Can Chern-Simons or Rarita-Schwinger be a Volkov-Akulov
Goldstone?, JHEP 07 (2018) 106 [arXiv:1806.05945] [INSPIRE].

~ 93 -


https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1002/prop.19720201202
https://inspirehep.net/search?p=find+J+%22Fortsch.Phys.,20,701%22
https://doi.org/10.1063/1.525811
https://inspirehep.net/search?p=find+J+%22J.Math.Phys.,24,1295%22
https://doi.org/10.1007/BF02725178
https://inspirehep.net/search?p=find+J+%22NuovoCim.,A67,267%22
https://doi.org/10.1016/j.physletb.2004.12.075
https://doi.org/10.1016/j.physletb.2004.12.075
https://arxiv.org/abs/hep-th/0410012
https://inspirehep.net/search?p=find+EPRINT+hep-th/0410012
https://doi.org/10.1088/1751-8113/42/14/145206
https://arxiv.org/abs/0808.2243
https://inspirehep.net/search?p=find+EPRINT+arXiv:0808.2243
https://doi.org/10.1088/1751-8113/43/1/015201
https://arxiv.org/abs/0812.4140
https://inspirehep.net/search?p=find+EPRINT+arXiv:0812.4140
https://doi.org/10.1103/PhysRevD.83.124036
https://arxiv.org/abs/1012.4402
https://inspirehep.net/search?p=find+EPRINT+arXiv:1012.4402
https://doi.org/10.1103/PhysRevD.89.084077
https://arxiv.org/abs/1401.3653
https://inspirehep.net/search?p=find+EPRINT+arXiv:1401.3653
https://doi.org/10.1103/PhysRevD.90.084008
https://doi.org/10.1103/PhysRevD.90.084008
https://arxiv.org/abs/1402.0320
https://inspirehep.net/search?p=find+EPRINT+arXiv:1402.0320
https://doi.org/10.1007/JHEP10(2018)079
https://arxiv.org/abs/1805.08834
https://inspirehep.net/search?p=find+EPRINT+arXiv:1805.08834
https://doi.org/10.1007/JHEP07(2018)106
https://arxiv.org/abs/1806.05945
https://inspirehep.net/search?p=find+EPRINT+arXiv:1806.05945

[12] S. Deser, R. Jackiw and S. Templeton, Topologically Massive Gauge Theories, Annals Phys.
140 (1982) 372 [Erratum dbid. 185 (1988) 406] [INSPIRE].

[13] E. Bergshoeff, O. Hohm, W. Merbis, A.J. Routh and P.K. Townsend, Minimal Massive 3D
Gravity, Class. Quant. Grav. 31 (2014) 145008 [arXiv:1404.2867] [INSPIRE].

[14] D. Chernyavsky, N.S. Deger and D. Sorokin, Spontaneously Broken 3d Hietarinta-Mazwell
Chern-Simons Theory and Minimal Massive Gravity, arXiv:2002.07592 [INSPIRE].

[15] H. Bondi, M.G.J. van der Burg and A.W.K. Metzner, Gravitational waves in general
relativity. 7. Waves from azisymmeltric isolated systems, Proc. Roy. Soc. Lond. A 269 (1962)
21 [INSPIRE].

[16] R. Sachs, Asymptotic symmetries in gravitational theory, Phys. Rev. 128 (1962) 2851
[INSPIRE].

[17] R.K. Sachs, Gravitational waves in general relativity. 8. Waves in asymptotically flat
space-times, Proc. Roy. Soc. Lond. A 270 (1962) 103 [iNnSPIRE].

[18] G. Barnich and G. Compere, Classical central extension for asymptotic symmetries at null
infinity in three spacetime dimensions, Class. Quant. Grav. 24 (2007) F15 [gr-qc/0610130]
[INSPIRE].

[19] G. Barnich and C. Troessaert, Symmetries of asymptotically flat 4 dimensional spacetimes at
null infinity revisited, Phys. Rev. Lett. 105 (2010) 111103 [arXiv:0909.2617] iNSPIRE].

[20] G. Barnich and C. Troessaert, Supertranslations call for superrotations, PoS(CNCFG2010)010
(2010) [arXiv:1102.4632] [INSPIRE].

[21] G. Barnich and C. Troessaert, BMS charge algebra, JHEP 12 (2011) 105 [arXiv:1106.0213]
[INSPIRE].

[22] G. Barnich, A. Gomberoff and H.A. Gonzalez, The Flat limit of three dimensional
asymptotically anti-de Sitter spacetimes, Phys. Rev. D 86 (2012) 024020 [arXiv:1204.3288]
[INSPIRE].

[23] A. Strominger and A. Zhiboedov, Gravitational Memory, BMS Supertranslations and Soft
Theorems, JHEP 01 (2016) 086 [arXiv:1411.5745] [INSPIRE].

[24] A. Strominger, Lectures on the Infrared Structure of Gravity and Gauge Theory,
arXiv:1703.05448 [INSPIRE}.

[25] M. Pate, A.-M. Raclariu and A. Strominger, Conformally Soft Theorem in Gauge Theory,
Phys. Rev. D 100 (2019) 085017 [arXiv:1904.10831] [iNSPIRE].

[26] R. Caroca, P. Concha, E. Rodriguez and P. Salgado-ReboLledd, Generalizing the bmss and
2D-conformal algebras by expanding the Virasoro algebra, Eur. Phys. J. C 78 (2018) 262
[arXiv:1707.07209] INSPIRE].

[27] A. Farahmand Parsa, H.R. Safari and M.M. Sheikh-Jabbari, On Rigidity of 3d Asymptotic
Symmetry Algebras, JHEP 03 (2019) 143 [arXiv:1809.08209] [INSPIRE].

[28] O. Miskovié, R. Olea and D. Roy, Vacuum energy in asymptotically flat 2 + 1 gravity, Phys.
Lett. B 767 (2017) 258 [arXiv:1610.06101] [iNSPIRE].

[29] D. Grumiller, A. Pérez, M.M. Sheikh-Jabbari, R. Troncoso and C. Zwikel, Spacetime
structure near generic horizons and soft hair, Phys. Rev. Lett. 124 (2020) 041601
[arXiv:1908.09833] [iNSPIRE].

— 24 —


https://doi.org/10.1006/aphy.2000.6013
https://doi.org/10.1006/aphy.2000.6013
https://inspirehep.net/search?p=find+J+%22AnnalsPhys.,140,372%22
https://doi.org/10.1088/0264-9381/31/14/145008
https://arxiv.org/abs/1404.2867
https://inspirehep.net/search?p=find+EPRINT+arXiv:1404.2867
https://arxiv.org/abs/2002.07592
https://inspirehep.net/search?p=find+EPRINT+arXiv:2002.07592
https://doi.org/10.1098/rspa.1962.0161
https://doi.org/10.1098/rspa.1962.0161
https://inspirehep.net/search?p=find+J+%22Proc.Roy.Soc.Lond.,A269,21%22
https://doi.org/10.1103/PhysRev.128.2851
https://inspirehep.net/search?p=find+J+%22Phys.Rev.,128,2851%22
https://doi.org/10.1098/rspa.1962.0206
https://inspirehep.net/search?p=find+J+%22Proc.Roy.Soc.Lond.,A270,103%22
https://doi.org/10.1088/0264-9381/24/5/F01
https://arxiv.org/abs/gr-qc/0610130
https://inspirehep.net/search?p=find+EPRINT+gr-qc/0610130
https://doi.org/10.1103/PhysRevLett.105.111103
https://arxiv.org/abs/0909.2617
https://inspirehep.net/search?p=find+EPRINT+arXiv:0909.2617
https://doi.org/10.22323/1.127.0010
https://arxiv.org/abs/1102.4632
https://inspirehep.net/search?p=find+EPRINT+arXiv:1102.4632
https://doi.org/10.1007/JHEP12(2011)105
https://arxiv.org/abs/1106.0213
https://inspirehep.net/search?p=find+EPRINT+arXiv:1106.0213
https://doi.org/10.1103/PhysRevD.86.024020
https://arxiv.org/abs/1204.3288
https://inspirehep.net/search?p=find+EPRINT+arXiv:1204.3288
https://doi.org/10.1007/JHEP01(2016)086
https://arxiv.org/abs/1411.5745
https://inspirehep.net/search?p=find+EPRINT+arXiv:1411.5745
https://arxiv.org/abs/1703.05448
https://inspirehep.net/search?p=find+EPRINT+arXiv:1703.05448
https://doi.org/10.1103/PhysRevD.100.085017
https://arxiv.org/abs/1904.10831
https://inspirehep.net/search?p=find+EPRINT+arXiv:1904.10831
https://doi.org/10.1140/epjc/s10052-018-5739-7
https://arxiv.org/abs/1707.07209
https://inspirehep.net/search?p=find+EPRINT+arXiv:1707.07209
https://doi.org/10.1007/JHEP03(2019)143
https://arxiv.org/abs/1809.08209
https://inspirehep.net/search?p=find+EPRINT+arXiv:1809.08209
https://doi.org/10.1016/j.physletb.2017.02.006
https://doi.org/10.1016/j.physletb.2017.02.006
https://arxiv.org/abs/1610.06101
https://inspirehep.net/search?p=find+EPRINT+arXiv:1610.06101
https://doi.org/10.1103/PhysRevLett.124.041601
https://arxiv.org/abs/1908.09833
https://inspirehep.net/search?p=find+EPRINT+arXiv:1908.09833

[30]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

H.R. Safari and M.M. Sheikh-Jabbari, BMS, algebra, its stability and deformations, JHEP
04 (2019) 068 [arXiv:1902.03260] [INSPIRE].

G. Hochschild and J.-P. Serre, Cohomology of Lie algebras, Ann. Math. 57 (1953) 591.

P. Concha, N. Merino, E. Rodriguez, P. Salgado-ReboLledé and O. Valdivia, Semi-simple
enlargement of the bmss algebra from a s0(2,2) @ s0(2,1) Chern-Simons theory, JHEP 02
(2019) 002 [arXiv:1810.12256] [INSPIRE].

G. Compere, S. de Buyl, S. Detournay and K. Yoshida, Asymptotic symmetries of
Schrédinger spacetimes, JHEP 10 (2009) 032 [arXiv:0908.1402] [INSPIRE].

B. Oblak, BMS Particles in Three Dimensions, Ph.D. Thesis, Brussels University, Brussels
Belgium (2016) [arXiv:1610.08526] [INSPIRE].

S. Bonanos, J. Gomis, K. Kamimura and J. Lukierski, Mazwell Superalgebra and
Superparticle in Constant Gauge Badkgrounds, Phys. Rev. Lett. 104 (2010) 090401
[arXiv:0911.5072] [INSPIRE].

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

J. Lukierski, Generalized Wigner-Inéni contractions and Mazwell (super)algebras, Proc.
Steklov Inst. Math. 272 (2011) 183 [arXiv:1007.3405] InSPIRE].

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

J.A. de Azcarraga, K. Kamimura and J. Lukierski, Mazwell symmetries and some
applications, Int. J. Mod. Phys. Conf. Ser. 23 (2013) 01160 [arXiv:1201.2850] [INSPIRE].

P.K. Concha, D.M. Penafiel, E.K. Rodriguez and P. Salgado, Fven-dimensional General
Relativity from Born-Infeld gravity, Phys. Lett. B 725 (2013) 419 [arXiv:1309.0062]
[INSPIRE].

J.A. de Azcarraga and J.M. Izquierdo, Minimal D = 4 supergravity from the superMazwell
algebra, Nucl. Phys. B 885 (2014) 34 [arXiv:1403.4128| [INSPIRE].

P.K. Concha and E.K. Rodriguez, N = 1 Supergravity and Mazwell superalgebras, JHEP 09
(2014) 090 [arXiv:1407.4635] [INSPIRE].

P.K. Concha, D.M. Penafiel, E.K. Rodriguez and P. Salgado, Chern-Simons and Born-Infeld
gravity theories and Mazwell algebras type, Eur. Phys. J. C 74 (2014) 2741
[arXiv:1402.0023] [INSPIRE].

P.K. Concha, D.M. Penafiel, E.K. Rodriguez and P. Salgado, Generalized Poincaré algebras
and Lovelock-Cartan gravity theory, Phys. Lett. B 742 (2015) 310 [arXiv:1405.7078]
[INSPIRE].

0. Cebecioglu and S. Kibaroglu, Mazwell-affine gauge theory of gravity, Phys. Lett. B 751
(2015) 131 [arXiv:1503.09003] [INSPIRE].

P.K. Concha, O. Fierro and E.K. Rodriguez, Inonu-Wigner contraction and D =2+ 1
supergravity, Eur. Phys. J. C 77 (2017) 48 [arXiv:1611.05018] [INSPIRE].

R. Caroca, P. Concha, O. Fierro, E. Rodriguez and P. Salgado-RebolLled6, Generalized
Chern-Simons higher-spin gravity theories in three dimensions, Nucl. Phys. B 934 (2018)
240 [arXiv:1712.09975] [INSPIRE].

— 95—


https://doi.org/10.1007/JHEP04(2019)068
https://doi.org/10.1007/JHEP04(2019)068
https://arxiv.org/abs/1902.03260
https://inspirehep.net/search?p=find+EPRINT+arXiv:1902.03260
https://doi.org/10.1007/JHEP02(2019)002
https://doi.org/10.1007/JHEP02(2019)002
https://arxiv.org/abs/1810.12256
https://inspirehep.net/search?p=find+EPRINT+arXiv:1810.12256
https://doi.org/10.1088/1126-6708/2009/10/032
https://arxiv.org/abs/0908.1402
https://inspirehep.net/search?p=find+EPRINT+arXiv:0908.1402
https://arxiv.org/abs/1610.08526
https://inspirehep.net/search?p=find+EPRINT+arXiv:1610.08526
https://doi.org/10.1103/PhysRevLett.104.090401
https://arxiv.org/abs/0911.5072
https://inspirehep.net/search?p=find+EPRINT+arXiv:0911.5072
https://doi.org/10.1016/j.physletb.2009.06.017
https://arxiv.org/abs/0905.2187
https://inspirehep.net/search?p=find+EPRINT+arXiv:0905.2187
https://doi.org/10.1134/S0081543811010172
https://doi.org/10.1134/S0081543811010172
https://arxiv.org/abs/1007.3405
https://inspirehep.net/search?p=find+EPRINT+arXiv:1007.3405
https://doi.org/10.1142/S0217732311037078
https://arxiv.org/abs/1107.4728
https://inspirehep.net/search?p=find+EPRINT+arXiv:1107.4728
https://doi.org/10.1142/S2010194513011604
https://arxiv.org/abs/1201.2850
https://inspirehep.net/search?p=find+EPRINT+arXiv:1201.2850
https://doi.org/10.1016/j.physletb.2013.07.019
https://arxiv.org/abs/1309.0062
https://inspirehep.net/search?p=find+EPRINT+arXiv:1309.0062
https://doi.org/10.1016/j.nuclphysb.2014.05.007
https://arxiv.org/abs/1403.4128
https://inspirehep.net/search?p=find+EPRINT+arXiv:1403.4128
https://doi.org/10.1007/JHEP09(2014)090
https://doi.org/10.1007/JHEP09(2014)090
https://arxiv.org/abs/1407.4635
https://inspirehep.net/search?p=find+EPRINT+arXiv:1407.4635
https://doi.org/10.1140/epjc/s10052-014-2741-6
https://arxiv.org/abs/1402.0023
https://inspirehep.net/search?p=find+EPRINT+arXiv:1402.0023
https://doi.org/10.1016/j.physletb.2015.01.038
https://arxiv.org/abs/1405.7078
https://inspirehep.net/search?p=find+EPRINT+arXiv:1405.7078
https://doi.org/10.1016/j.physletb.2015.10.022
https://doi.org/10.1016/j.physletb.2015.10.022
https://arxiv.org/abs/1503.09003
https://inspirehep.net/search?p=find+EPRINT+arXiv:1503.09003
https://doi.org/10.1140/epjc/s10052-017-4615-1
https://arxiv.org/abs/1611.05018
https://inspirehep.net/search?p=find+EPRINT+arXiv:1611.05018
https://doi.org/10.1016/j.nuclphysb.2018.07.005
https://doi.org/10.1016/j.nuclphysb.2018.07.005
https://arxiv.org/abs/1712.09975
https://inspirehep.net/search?p=find+EPRINT+arXiv:1712.09975

[48]

[49]

[50]

[51]

L. Ravera, Hidden role of Mazwell superalgebras in the free differential algebras of D = 4 and
D =11 supergravity, Eur. Phys. J. C 78 (2018) 211 [arXiv:1801.08860] [INSPIRE].

L. Avilés, E. Frodden, J. Gomis, D. Hidalgo and J. Zanelli, Non-Relativistic Mazwell
Chern-Simons Gravity, JHEP 05 (2018) 047 [arXiv:1802.08453] [INSPIRE].

P. Concha, D.M. Penafiel and E. Rodriguez, On the Maxwell supergravity and flat limit in
2 + 1 dimensions, Phys. Lett. B 785 (2018) 247 [arXiv:1807.00194] [INSPIRE].

S. Kibaroglu, M. Senay and O. Cebecioglu, D = 4 topological gravity from gauging the
Mazwell-special-affine group, Mod. Phys. Lett. A 34 (2019) 1950016 [arXiv:1810.01635]
[INSPIRE].

P. Concha, N-extended Mazwell supergravities as Chern-Simons theories in three spacetime
dimensions, Phys. Lett. B 792 (2019) 290 [arXiv:1903.03081] [INSPIRE].

A. Barducci, R. Casalbuoni and J. Gomis, Contractions of the Maxwell algebra, J. Phys. A
52 (2019) 395201 [arXiv:1904.00902] INSPIRE].

D. Chernyavsky and D. Sorokin, Three-dimensional (higher-spin) gravities with extended
Schrédinger and l-conformal Galilean symmetries, JHEP 07 (2019) 156 [arXiv:1905.13154]
[INSPIRE].

P. Concha and E. Rodriguez, Non-Relativistic Gravity Theory based on an Enlargement of
the Extended Bargmann Algebra, JHEP 07 (2019) 085 [arXiv:1906.00086] [INSPIRE].

A. Ashtekar, J. Bicdk and B.G. Schmidt, Asymptotic structure of symmetry reduced general
relativity, Phys. Rev. D 55 (1997) 669 [gr-qc/9608042] [INSPIRE].

G. Barnich, L. Donnay, J. Matulich and R. Troncoso, Asymptotic symmetries and dynamics
of three-dimensional flat supergravity, JHEP 08 (2014) 071 [arXiv:1407.4275] [InSPIRE].

J. Gomis, K. Kamimura and J. Lukierski, Deformations of Mazwell algebra and their
Dynamical Realizations, JHEP 08 (2009) 039 [arXiv:0906.4464] INSPIRE].

D.V. Soroka and V.A. Soroka, Semi-simple extension of the (super)Poincaré algebra, Adv.
High Energy Phys. 2009 (2009) 234147 [hep-th/0605251] [INSPIRE].

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

J. Unterberger and C. Roger, The Schridinger-Virasoro Algebra, Springer, Berlin Germany
(2012).

M. Alishahiha, R. Fareghbal, A.E. Mosaffa and S. Rouhani, Asymptotic symmetry of
geometries with Schrédinger isometry, Phys. Lett. B 675 (2009) 133 [arXiv:0902.3916]
[INSPIRE].

J. Diaz et al., A generalized action for (2 + 1)-dimensional Chern-Simons gravity, J. Phys. A
45 (2012) 255207 [arXiv:1311.2215] [INSPIRE].

D. Degrijse and N. Petrosyan, On cohomology of split Lie algebra extensions, J. Lie Theory
22 (2012) 1 [arXiv:0911.0545].

P.K. Concha, R. Durka, C. Inostroza, N. Merino and E.K. Rodriguez, Pure Lovelock gravity
and Chern-Simons theory, Phys. Rev. D 94 (2016) 024055 [arXiv:1603.09424] [INSPIRE].

P.K. Concha, N. Merino and E.K. Rodriguez, Lovelock gravities from Born-Infeld gravity
theory, Phys. Lett. B 765 (2017) 395 [arXiv:1606.07083] [INSPIRE].

— 96 —


https://doi.org/10.1140/epjc/s10052-018-5673-8
https://arxiv.org/abs/1801.08860
https://inspirehep.net/search?p=find+EPRINT+arXiv:1801.08860
https://doi.org/10.1007/JHEP05(2018)047
https://arxiv.org/abs/1802.08453
https://inspirehep.net/search?p=find+EPRINT+arXiv:1802.08453
https://doi.org/10.1016/j.physletb.2018.08.050
https://arxiv.org/abs/1807.00194
https://inspirehep.net/search?p=find+EPRINT+arXiv:1807.00194
https://doi.org/10.1142/S0217732319500160
https://arxiv.org/abs/1810.01635
https://inspirehep.net/search?p=find+EPRINT+arXiv:1810.01635
https://doi.org/10.1016/j.physletb.2019.03.060
https://arxiv.org/abs/1903.03081
https://inspirehep.net/search?p=find+EPRINT+arXiv:1903.03081
https://doi.org/10.1088/1751-8121/ab38f0
https://doi.org/10.1088/1751-8121/ab38f0
https://arxiv.org/abs/1904.00902
https://inspirehep.net/search?p=find+EPRINT+arXiv:1904.00902
https://doi.org/10.1007/JHEP07(2019)156
https://arxiv.org/abs/1905.13154
https://inspirehep.net/search?p=find+EPRINT+arXiv:1905.13154
https://doi.org/10.1007/JHEP07(2019)085
https://arxiv.org/abs/1906.00086
https://inspirehep.net/search?p=find+EPRINT+arXiv:1906.00086
https://doi.org/10.1103/PhysRevD.55.669
https://arxiv.org/abs/gr-qc/9608042
https://inspirehep.net/search?p=find+EPRINT+gr-qc/9608042
https://doi.org/10.1007/JHEP08(2014)071
https://arxiv.org/abs/1407.4275
https://inspirehep.net/search?p=find+EPRINT+arXiv:1407.4275
https://doi.org/10.1088/1126-6708/2009/08/039
https://arxiv.org/abs/0906.4464
https://inspirehep.net/search?p=find+EPRINT+arXiv:0906.4464
https://doi.org/10.1155/2009/234147
https://doi.org/10.1155/2009/234147
https://arxiv.org/abs/hep-th/0605251
https://inspirehep.net/search?p=find+EPRINT+hep-th/0605251
https://doi.org/10.1016/j.physletb.2013.11.009
https://doi.org/10.1016/j.physletb.2013.11.009
https://inspirehep.net/search?p=find+J+%22Phys.Lett.,B728,5%22
https://doi.org/10.1016/j.physletb.2009.03.052
https://arxiv.org/abs/0902.3916
https://inspirehep.net/search?p=find+EPRINT+arXiv:0902.3916
https://doi.org/10.1088/1751-8113/45/25/255207
https://doi.org/10.1088/1751-8113/45/25/255207
https://arxiv.org/abs/1311.2215
https://inspirehep.net/search?p=find+EPRINT+arXiv:1311.2215
https://arxiv.org/abs/0911.0545
https://doi.org/10.1103/PhysRevD.94.024055
https://arxiv.org/abs/1603.09424
https://inspirehep.net/search?p=find+EPRINT+arXiv:1603.09424
https://doi.org/10.1016/j.physletb.2016.09.008
https://arxiv.org/abs/1606.07083
https://inspirehep.net/search?p=find+EPRINT+arXiv:1606.07083

[67] P. Concha and E. Rodriguez, Generalized Pure Lovelock Gravity, Phys. Lett. B 774 (2017)
616 [arXiv:1708.08827] [INSPIRE].

[68] S. Gao, C. Jiang and Y. Pei, Low-dimensional cohomology groups of the Lie algebras W (a,b),
Commun. Algebra 39 (2011) 397.

[69] C. Roger and J. Unterberger, The Schrédinger-Virasoro Lie group and algebra: From
geometry to representation theory, Annales Henri Poincaré 7 (2006) 1477
[math-ph/0601050] [iNSPIRE].

[70] P. Salgado-ReboLledd, The Mazwell group in 2+ 1 dimensions and its infinite-dimensional
enhancements, JHEP 10 (2019) 039 [arXiv:1905.09421] INSPIRE].

— 97 -


https://doi.org/10.1016/j.physletb.2017.10.019
https://doi.org/10.1016/j.physletb.2017.10.019
https://arxiv.org/abs/1708.08827
https://inspirehep.net/search?p=find+EPRINT+arXiv:1708.08827
https://doi.org/10.1080/00927871003591835
https://doi.org/10.1007/s00023-006-0289-1
https://arxiv.org/abs/math-ph/0601050
https://inspirehep.net/search?p=find+EPRINT+math-ph/0601050
https://doi.org/10.1007/JHEP10(2019)039
https://arxiv.org/abs/1905.09421
https://inspirehep.net/search?p=find+EPRINT+arXiv:1905.09421

	Introduction and motivations
	Maxwell algebra and its infinite dimensional enhancement
	The Maxwell algebra
	Infinite dimensional 3d Maxwell algebra through bms3 algebra

	Deformation of max3 algebra
	The most general deformation of Max3 algebra
	The M(bar-alpha,bar-beta) algebra
	The M(a,b;c,d) algebra
	The bms3+witt algebra
	The witt+witt+witt algebra

	Algebraic cohomology argument

	Central extensions of the deformed Max3 algebras
	Central extension of the bms3+witt and the witt+witt+witt algebra
	Central extension of M(a,b;c,d)
	Central terms for specific points in parameters space of M(a,b;c,d)

	Central extension of M(bar-alpha,bar-beta)

	Summary and concluding remarks

