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Abstract

We study the Euclidean supersymmetricD = 11M-algebras. We consider two suchD = 11 superalgebras: the first one
N = (1,1) self-conjugate complex-Hermitean, with 32 complex supercharges and 1024 real bosonic charges, the s
N = (1,0) complex-holomorphic, with 32 complex supercharges and 528 bosonic charges, which can be obtained by
continuation of known MinkowskiM-algebra. Due to the Bott’s periodicity, we study at first the genericD = 3 Euclidean
supersymmetry case. The role of complex and quaternionic structures forD = 3 and D= 11 Euclidean supersymmetry
elucidated. We show that the additional 1024− 528= 496 Euclidean tensorial central charges are related with the quatern
structure of EuclideanD = 11 supercharges, which in complex notation satisfySU(2) pseudo-Majorana condition. We consid
also the corresponding Osterwalder–Schrader conjugations as implying forN = (1,0) case the reality of Euclidean boson
charges. Finally, we outline some consequences of our results, in particular forD = 11 Euclidean supergravity.
 2004 Elsevier B.V.Open access under CC BY license.
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1. Introduction

The physical spacetime is Minkowskian, but the
are several reasons justifying the interest in Euclid
theories. We can recall here that

(i) The functional integrals acquire a precise mat
matical meaning only in the context of Euclide
quantum theory (see, e.g., [1,2]).

(ii) The topologically nontrivial field configuration
(such as instantons) are solutions of Euclide
field theories (see, e.g., [3,4]).

E-mail addresses:lukier@ift.uni.wroc.pl (J. Lukierski),
toppan@cbpf.br (F. Toppan).
0370-2693 2004 Elsevier B.V.
doi:10.1016/j.physletb.2004.01.060

Open access under CC BY license.
(iii) The generating functional of an Euclidean fie
theory can be related to the description of sta
tical and stochastic systems ([5,6]).

At present theD = 11M-theory has been consid
ered as the most recent proposal for a “theory of ev
thing” (see, e.g., [7,8]). We still do not know the d
namical content of theM-theory, however, it seem
that the algebraic description of its symmetries is w
embraced by the so-calledM-algebra1 [9,10]

{QA,QB} = PAB

1 In fact it is a superalgebra, also sometimes calledM-
superalgebra.
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= (CΓµ)ABP
µ + (CΓ[µν])ABZ[µν]

(1.1)+ (CΓ[µ1···µ5])ABZ[µ1···µ5],

where theQA (A = 1,2, . . . ,32) are 32D = 11
real Minkowskian supercharges,Pµ describe the 11
momenta, while the remaining 517 bosonic gene
tors describe the tensorial central chargesZ[µν] and
Z[µ1···µ5].

It should be stressed that theM-algebra (1.1)
is the generalizedD = 11 Poincaré algebra wit
maximal number of additional bosonic generato
These additional generators indicate the presenc
D = 11M2 andM5 branes. Indeed, it has been sho
(see, e.g., [11,12]) thatD = 11 supergravity contain
the super-2-brane (supermembrane) and super-5-b
solutions.

Our aim here is to study the Euclidean count
part of theM-algebra, described by the relation (1.
The problem of Euclidean continuation of super
gebras is not trivial, because the dimensionality
Minkowski and Euclidean spinors may differ, as it
well known fromD = 4 case (see, e.g., [13–16]).
a four-dimensional world the Minkowski spinors a
C2 (two-dimensional Weyl spinors) which can be d
scribed asR4 Majorana spinors, but the fundamen
D = 4 Euclidean spinors are described byH⊗H = H2

(due to the relationO(4)=O(3)×O(3)we deal with
a pair ofD = 3 Euclidean spinors) orC2 ⊗ C2 = C4,
i.e., the number of spinor components is doubled. F
ther, one can describe theD = 4 Minkowski Dirac
matrices as real four-dimensional ones (the so-ca
Majorana representation), but the four-dimensio
D = 4 Euclidean Dirac matrices are necessarily co
plex. The doubling of spinor components is reflec
in the analytic continuation procedure, and the rea
condition inD = 4 Minkowski space is replaced b
the so-called Osterwalder–Schrader reality condi
[16,17]).

InD = 11 Minkowski case the fundamental spino
areR32, and the corresponding fundamental repres
tation of the MinkowskianD = 11 Clifford algebra

(1.2){Γµ,Γν} = 2ηµν, ηµν = (−1,1, . . . ,1),

is R32 × R32, which allows writing theM-algebra
(1.1) as a real algebra. In theD = 11 Euclidean cas
the fundamental spinors areH16, while the funda-
mental Hermitean Clifford algebra representation
D = 11 Euclidean space isC32 × C32. We shall de-
e

scribe the EuclideanM-algebra using Hermitean prod
ucts of complex HermiteanD = 11 Euclidean gamma
matrices satisfying the Euclidean counterpart of al
braic relations (1.2):

(1.3){Γ̃µ, Γ̃ν} = 2δµν, µ, ν = (1, . . . ,11).

If we introduce 32 complex supercharges̃QA we
get the following formula for the EuclideanD = 11
superalgebra

{Q̃A, Q̃
+
B }

= δABZ̃ + (Γ̃µ)ABP̃µ + (Γ̃[µ1···µ4])ABZ̃[µ1···µ4]
+ (Γ̃[µ1···µ5])ABZ̃[µ1···µ5]
+ (Γ̃[µ1···µ8])ABZ̃[µ1···µ8]

(1.4)+ (Γ̃[µ1···µ9])ABZ̃[µ1···µ9],

where on r.h.s. of (1.4) all linearly independent H
mitean antisymmetric products ofΓ -matrices appear

Since in D = 11 Euclidean space we get th
relation

(1.5)Γ̃12 = 1

11!εµ1···µ11Γ̃µ1 · · · Γ̃µ11 = i

we obtain the identity

(1.6)Γ̃[µ1···µk] = i

(11− k)!εµ1···µ11Γ̃[µk+1···µ11].

Applying (1.6) for k = 2 and 3 one can write th
relation (1.4) as follows

{Q̃A, Q̃
+
B }

= δABZ̃ + (Γ̃µ)ABP̃µ + Γ̃[µν]Z̃[µν] + Γ̃[µνρ]Z̃[µνρ]
(1.7)+ Γ̃[µ1···µ4]Z̃[µ1···µ4] + Γ̃[µ1···µ5]Z̃[µ1···µ5],

where

Z̃[µν] = i

2!εµνν1···ν9Z̃[ν1···ν9],

(1.8)Z̃[µνρ] = i

3!εµνρν1···ν8Z̃[ν1···ν8].

We see that in (1.7) we have two sets of Abel
bosonic charges, also called tensorial central char

(i) the 528= 11+ 55+ 462 charges̃Pµ, Z̃[µ1µ2] and
Z̃[µ1···µ5] corresponding to the tensorial cent
charges occurring in (1.1);



J. Lukierski, F. Toppan / Physics Letters B 584 (2004) 315–322 317

-

an
oc-
w,
b-

an
528

we
se

ski
-
e

by
hat,

tral

f

ion
r-
s.
ar-

f the
. We
an
ered
eld

eal

-
e

e
as

nic
ibed

In

ver,

er-

x-

ides
tral
(ii) the 496= 1+165+330 additional Euclidean ten
sorial central charges̃Z, Z̃[µ1···µ3] and Z̃[µ1···µ4]
which describe the maximal complex Hermite
extension of the set of real bosonic charges
curring in the Minkowski case. We shall sho
however, that one can find a holomorphic su
algebra of (1.4) defining holomorphic Euclide
M-algebra with 32 complex supercharges and
bosonic generators.

In our Letter, in order to be more transparent,
study at first in Section 2 the lower-dimensional ca
of D = 3 Euclidean superalgebra.

It appears that to 528 bosonic charges of Minkow
M-algebra (1.1) correspond inD = 3 just three boson
ic charges describingD = 3 three-momenta (ther
are no Minkowski central charges inD = 3), and to
the extension inD = 11 from 528 Minkowskian to
1024 Euclidean bosonic charges corresponds inD =
3 the extension of three momentum generators
one additional central charge. We see therefore t
when passing fromD = 3 to D= 11, instead of one
D = 3 Euclidean central charge we obtain 496 cen
charges inD = 11.

In Section 3 we study in more detail theD = 11
case and in particular theD = 11 tensorial structure o
496 Euclidean central charges. We introduce inD = 3
and D = 11 the Osterwalder–Schrader conjugat
which is required if we wish to obtain the holomo
phic EuclideanM-theory with real bosonic charge
In Section 4 we present an outlook, considering in p
ticular the possible applications toD = 11 Euclidean
superbrane scan as well as the Euclidean version o
generalized AdS, dS and conformal superalgebras
would also like to recall here that recently Euclide
symmetry and Euclidean superspace was consid
as a basis for noncommutative supersymmetric fi
theory [18–20].

2. The D = 3 Euclidean superalgebra and the role
of quaternionic and complex structure

TheD = 3 Euclidean spinors are described by r
quaternions(q0, qr ∈ R; r = 1,2,3)

(2.1)q = q0 + erqr, eres = −δrs + εrstet ,
which carry the representations ofSO(3) = Sp(1) =
U(1; H), described by unit quaternions

(2.2)α = α0 + αrer , α2
0 + α2

r = 1.

The quaternionic spinor (2.1) is modified underSp(1)
transformation law as follows

(2.3)q ′ = αq.

One can describe the real quaternionq ∈ H(1) by a
pair of complex variables(z1, z2). Further, introducing
the 2× 2 complex matrix representationer = −iσr ,
one can represent unit quaternions (2.2) as 2× 2
unitary matricesA:

(2.4)α ⇔ A= α01 − iαrσr ,

i.e.,Sp(1)� SU(2).
We should assume thatD = 3 Euclidean super

charges are theSO(3) spinors. Unfortunately, since th
Clifford algebra

(2.5){γ̃r , γ̃s} = 2δrs, r, s = 1,2,3

has the fundamentalC2 × C2 representation, on
cannot employ single quaternionic supercharges
describing the HermiteanD = 3, N = 1 Euclidean
superalgebra. In fact, if we introduce the quaternio
Hermitean superalgebra with supercharges descr
by fundamentalSO(3) spinor

(2.6){R̄,R} = Z,

whereR = R0 + erRr → R̄ = R0 − erRr describes
the quaternionic conjugation, it will contain onlyone
bosonic chargeZ ∈ H (Z = Z̄ → Z = Z0) and can be
successfully used rather for the description ofD = 1,
N = 4 supersymmetric quantum mechanics [18].
order to obtain the “supersymmetric roots” ofD = 3
Euclidean momenta one should introduce, howe
in agreement with the representation theory ofD = 3
Euclidean Clifford algebra (2.5), two complex sup
charges(Q̃1, Q̃2). One can write theD = 3 Euclid-
ean superalgebra in the following familiar comple
Hermitean form(α,β = 1,2)

{Q̃∗
α, Q̃β} = (σr )αβ P̃r + δαβZ,

(2.7){Q̃α, Q̃β} = {Q̃∗
α, Q̃

∗
β } = 0.

We see that among the bosonic generators bes
the three momenta we obtain a fourth real cen
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chargeZ. In fact (2.7) can be obtained by dimension
reduction from standardD = 4 N = 1 super-algebra.

In order to find the quaternionic structure in t
superalgebra (2.7) one should introduce the follow
pair of two-component spinorsRα,R

H
α

Rα = 1√
2
(Q̃α + εαβQ̃

∗
β),

(2.8)RH
α = i√

2
(Q̃α − εαβQ̃

∗
β),

satisfying the relation

(2.9)RH
α = −iεαβR∗

β.

The formula (2.9) implies quaternionic reality co
dition in complex framework [21–23] described b
SU(2)-Majorana condition. Indeed, introducingR1

α =
Rα , R2

α = RH
α one can rewrite (2.9) in the followin

way [21]

(2.10)Ra
α = iεabεαβ

(
Rb
β

)∗
.

The self-conjugate super-algebra (2.7) can be wri
as follows:

(2.11a){Rα,Rβ} = (εσr )αβP̃r ,

(2.11b)
{
Rα,R

H
β

} = iεαβZ,

(2.11c)
{
RH
α ,R

H
β

} = (εσr )αβ P̃r ,

and describes theN = (1,1) D = 3 Euclidean super
symmetry.

It is easy to check that Eqs. (2.11a)–(2.11c)
consistent with the relation (2.9), i.e., theSU(2)-
Majorana reality condition (2.10) can be imposed.

The real superalgebra (2.11a)–(2.11c) contain
subsuperalgebras the holomorphicN = (1,0) super-
algebra (2.11a) as well as the antiholomorphicN =
(0,1) superalgebra (2.11c). In particular we can c
sider separately (2.11a) as describing the basicN = 1
D = 3 Euclidean non-self-conjugate superalgebra,
persymmetrizing three Euclidean momentaPr . If the
superalgebras (2.11a) or (2.11c) are considered a
dependent algebraic structures, the Euclidean th
momentumPr can be complex.

The superalgebra (2.11a) can be obtained by a
lytic continuation of the realD = 3N = 1 Minkowski
superalgebra(µ= 0,1,2; Qα ∈ R)

(2.12){Qα,Qβ } = (Cγµ)αβP
µ,
where{γµ, γν} = 2ηµν (ηµν = diag(−1,1,1),C = γ0,
γµ ∈ R2 × R2) and one can choose, e.g.,

(2.13)γ0 = −iσ2, γ1 = σ1, γ2 = σ3.

The analytic continuation of the Minkowski supera
gebra (2.12) to the Euclidean one, given by (2.11
is obtained by complexification of the realD = 3
Minkowski spinors and Wick rotation of Minkowsk
vectors into Euclidean ones. We replaceQα ∈ R by
Q̃α ∈ C and

P 0 ⇒ P̃3 = iP 0,

P̃k = Pk (k = 1,2),

γ 0 ⇒ γ̃3 = iγ0 = σ2,

(2.14)γ̃k = γk = σk (k = 1,2),

where C̃ = ε = iγ2 and C̃γ̃r = −γ̃ Tr C̃, i.e., we
keep the sameD = 3 charge conjugation matrices
Euclidean and Minkowski case. One gets(r = 1,2,3)

(2.15){Rα,Rβ} = (C̃γ̃r )αβP̃r ,

i.e., one can identify after puttingQE
α = Rα the

superalgebras (2.15) and (2.11a).
In order to justify the real values ofPr in (2.15) one

should introduce the Osterwalder–Schrader (OS) c
jugationA → A#, which is defined in any dimensio
D with complex Euclidean spinors replacing real M
jorana spinors as complex conjugation supplemen
by time reversal transformation, i.e.,

(2.16)R#
A = TABR

∗
B,

where (D is the Euclidean time direction; followin
(2.14) we choosẽkµ (k = 1, . . . ,D − 1) real andΓD
purely imaginary)

(2.17)T Γ̃kT
−1 = Γ̃k, T Γ̃DT

−1 = Γ̃D.

The relation (2.17) implies that

(2.18)P̃ #
k = P̃k, P̃ #

D = −P̃D.
It appears that inD = 3 the OS conjugation o
supercharges can be identified with the conjuga
(2.9), i.e.,Tαβ = −iεαβ , Γ̃k = (σ1, σ3) andΓ̃D = σ2.

The real values ofP̃r in (2.15) are required i
we assume the invariance of the superalgebra (2
under OS conjugation, i.e., the conjugation (2.9). T
reality requirement is satisfied inside the superalge
(2.11a)–(2.11c) and is equivalent to the consiste
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of (2.11a)–(2.11c) with subsidiary condition (2.10
Indeed performing such a conjugation one obta
from theN = (1,0) superalgebra (2.11a) the identic
in its formN = (0,1) superalgebra (2.11c).

One can therefore say that
(i) our D = 3, N = (0,1) Euclidean superalgebr

(2.11c) is OS-conjugate to the superalgebra (2.11a
equivalently (2.15)).

(ii) It is not possible to impose the OS reali
conditions on single pair of superchargesRα

(2.19)(Rα)
# =Rα ⇔ Rα = iεαβ(Rα)

∗,

because such a condition is not consistent, i.e.,
superalgebra(1,0) cannot be made selfconjugate.

3. The Euclidean M-algebra and the role of
quaternionic and complex structure

In this section we shall translate the Euclide
superalgebra structures fromD = 3 to D= 11. Due
to the Bott’s periodicity conditions these algebra
structures should be analogous.

The D = 11 Euclidean spinors are described
16 quaternionsRm ∈ H16 (m = 1, . . . ,16) and the
fundamental representation of theD = 11 Euclidean
Clifford algebra (1.3) isC32 × C32. The quaternionic
D = 11 Hermitean superalgebra, generalizing relat
(2.6), is given by the relation

(3.1){R̄m,Rn} = Zmn, Zmn = Z̄nm.

The 16× 16 Hermitean-quaternionic matrixZmn is
described by 496 real bosonic Abelian generators.

In order to describe the complex-Hermitean Euc
eanM-algebra we should introduce 32 complex s
perchargesQ̃A ∈ C32. The most general complex
HermiteanD = 11 Euclidean algebra is given by th
relation

(3.2){Q̃+
A, Q̃B} = Z̃AB, Z̃AB = Z̃+

AB,

containing 1024 real bosonic charges. We introd
D = 11 Euclidean gamma-matrices by putting

Γ̃µ = Γµ, µ= 1,2, . . . ,10,

(3.3)Γ̃11 = iΓ0,

where the matricesΓµ,Γ0 describe the real 32-dimen
sional Majorana representation of theD = 11 Minkow-
skian Clifford algebra (1.2) occurring in theM-
algebra (1.1). If we introduce the antisymmetric pro
uctsΓ̃[µ1···µp ] = (1/p!)∑(µ1···µp)(−1)permΓ̃µ1 · · · Γ̃µp
we can check that

Γ̃ +
[µ1···µp] = Γ̃[µ1···µp ] for p = 0,1,4,5,8,9,

(3.4)

Γ̃ +
[µ1···µp] = −Γ̃[µ1···µp ] for p = 2,3,6,7,10,11.

Following the symmetry properties (3.4) one c
present the superalgebra (3.2) in the form (1.4) or (1

In order to write down the EuclideanM-algebra
with only 528 bosonic charges, the ones correspo
ing to the bosonic charges of theM-algebra (1.1),
one should exhibit inD = 11 the quaternionic o
SU(2)-Majorana structure in analogous way as in E
(2.11a)–(2.11c) for theD = 3 case.

Let us introduce the following pair of 32-compo
ent complex supercharges:

RA = 1√
2
(Q̃A +CABQ̃

∗
B),

(3.5)RH
A = i√

2
(Q̃A −CABQ̃

∗
B),

where theD = 11 charge conjugation matrix satisfi
the relations

(3.6)CΓ̃µ = −Γ̃ T
µ C, C2 = −1, CT = −C,

and can be chosen the same in Minkowski and Euc
ean case.

One can show that

(3.7)RH
A = −iCABR

∗
B.

Introducing 64-componentcomplex spinorRa
A = (RA,

RH
A ) one can rewrite (3.7) as theSU(2)-Majorana con-

dition [13]

(3.8)Ra
A = iεabCAB

(
Rb
B

)∗
.

The superalgebra (1.7) can be written in the follow
form (C = Γ0; µ= 1, . . . ,11)

{RA,RB} = (CΓ̃µ)ABP̃µ + (CΓ̃[µν])ABZ̃[µν]
(3.9a)+ (CΓ̃[µ1···µ5])Z̃[µ1···µ5],

{
RA,R

H
B

} = i
{
CABZ̃ + (CΓ̃[µ1µ2µ3])ABZ̃[µ1µ2µ3]

(3.9b)× (CΓ̃[µ1···µ4])ABZ̃[µ1···µ4]
}
,

{
RH
A ,R

H
B

} = (CΓ̃µ)ABP̃µ + (CΓ̃[µν])ABZ̃µν

(3.9c)+ (CΓ̃[µ1···µ5])ABZ̃[µ1···µ5].
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We see that

(i) the relation (3.9a)–(3.9c) describe the selfco
jugate (1,1) EuclideanM-algebra with 1024
bosonic Abelian charges which can be writt
also in the form (1.4);

(ii) the relation (3.9a) describes the holomorp
(1,0) EuclideanM-algebra, with 528 Abelian
bosonic charges. The antiholomorphic(0,1) Eu-
clideanM-algebra obtained by conjugation (3.7
which contains also 528 Abelian bosonic charg
is given by the relation (3.9c);

(iii) the subsidiary condition (3.8) relates the boso
generators of the(1,0) and(0,1) sectors of the
superalgebra (3.9a)–(3.9c). It should be obser
that the 496 real bosonic generators occurring
quaternionic superalgebra (3.1) can be found
the “cross anticommutator” (3.9b).

By analogy with theD = 3 case one can trea
the(1,0) holomorphic EuclideanM-algebra (3.9a) a
analytic continuation of theD = 11 MinkowskiM-
algebra, given by (1.1). For such purpose one sho
in (1.1) complexify the supercharges and perform
Wick rotation of Minkowski 11-tensors, i.e., perfor
the changeΓµ → Γ̃µ (see (3.3)) supplemented by th
redefinitions(k, l, . . . ,= 1,2, . . . ,10):

P̃k = Pk, Z̃[k l] =Z[k l], Z̃[k1···k5] =Z[k1···k5],
P̃11 = iP0, Z̃[k 11] = iZ[k0],

(3.10)Z̃[11k1···k4] = iZ[0k1···k4],

changing Minkowski tensors into Euclidean tensor
In such a way we shall obtain from (1.1) th

holomorphic EuclideanM-algebra (3.9a).
The quaternionic conjugation (3.7) describes

D = 11 OS conjugation in Euclidean space. W
would like to point out that in holomorphic an
antiholomorphic EuclideanM-algebra (i.e., if we
consider the relations (3.9a) and (3.9c) as separate
bosonic generators, in particular the 11-momenta,
be complex.

In order to obtain, e.g., in (3.9a) the real Abeli
bosonic generators

P̃k = P ∗
k , Z̃[k l] =Z∗[k l], Z̃[k1···k5] =Z∗[k1···k5].

One should impose the invariance of the superalge
(3.9a) under the OS conjugation (3.7), i.e., assu
that the form of holomorphic and antiholomorph
EuclideanM-algebras related by OS conjugation
identical.

4. Conclusions

In relation with EuclideanM-theories and thei
algebraic description presented in this Letter we wo
like to make the following comments:

(i) It is well known [9] that the presence of tensor
central charges in generalizedD-dimensional super
symmetry algebra can be linked with the presenc
p-brane solution ofD-dimensional supergravity. W
have twoD = 11 EuclideanM-theories described b
(1,1) self-dual (see (2.7)) and(1,0) holomorphic (see
(2.11a) or (2.15)) supersymmetry algebras. In Euc
ean theory the role ofp-brane solutions will be playe
by Euclidean instantons and space branes (S-branes).
It appears that in holomorphicN = (1,0) Euclidean
M-theory the set of instanton solutions correspo
to p-dimensional solutions in standard Minkowski
D = 11 M-theory (2-branes and 5-branes supp
mented by six-dimensional Kaluza–Klein monopo
and nine-dimensional Horava–Witten boundaries).
EuclideanN = (1,1) M-theory with symmetry alge
bra (2.7) will have additional instanton solutions c
responding to 3-tensor and 4-tensor central cha
which do not have their Minkowski space count
parts.

(ii) The superalgebras either with Hermitean se
conjugate algebra structure or holomorphic struct
can be considered in any dimension with complex f
damental spinors (D = 0,4 modulo 8 for Minkowski
metric andD = 2,6 modulo 8 for Euclidean metric) o
fundamental quaternionic spinors (D = 5,6,7 mod-
ulo 8 for Minkowski metric andD = 3,4,5 modulo 8
for Euclidean metric). The physical choice of the
gebraic structure of supersymmetry is indicated by
presence in the bosonic sector of the vectorial mom
tum generators. For example, inD = 4 one can choos
either the Hermitean algebra (α,β = 1,2)

(4.1){Q+
α̇ ,Qβ } = Pα̇β,

or the pair of holomorphic/antiholomorphic algebra

{Qα,Qβ} =Zαβ,
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ett.

ss,

.K.
{Q+
α̇ ,Q

+
β̇
} =Zα̇β̇ =Z+

αβ,

(4.2){Q+
α̇ ,Qβ} = 0.

Since the four-momentum generators are present
in the relation (4.1), these relations are the basicD = 4
supersymmetry relations.

In the quaternionicD = 3 andD = 11 Euclidean
case the Hermitean algebras (2.11b) and (3.9b) do
contain the momentum generators; these genera
occur in the superalgebras (2.11a), (2.11c) and (3
(3.9c). We see therefore that in these cases the h
morphic/antiholomorphic algebra is more physical.

(iii) If the fundamental spinors are complex, fro
algebraic point of view one can consider the m
imally extended supersymmetry algebra with eit
Hermitean or holomorphic complex structure. If w
assume however that the Hermitean anticommut
{Q+

A,QB} as well as the holomorphic one{QA,QB}
are saturated by Abelian bosonic generators (tens
central charges), we obtain the most general real
peralgebra. In such a way inD = 4 Minkowski case
six tensorial central charges are generated by the
lations (4.2), while the Hermitean superalgebra (4
describes only the four-momentum generators.

In quaternionic case we have two levels of gen
alizations. Assuming that the fundamental spinors
long toHn, one can consider:

(1) generalized Hermitean superalgebra for the su
charges belonging toC2n. In such a way we gen
erate 4n2 real Abelian bosonic generators.

(2) One can write down also the most general real
peralgebra, with supercharges belonging toR4n.
In such a way we obtain 2n(4n+ 1) real Abelian
generators.

In D = 11 Euclidean casen = 16 the generalized
complex-Hermitean superalgebra is given by the
lation (2.7); the minimal real superalgebra contain
(2.7) takes the form(S,T = 1, . . . ,64)

{QS,QT } = PST ,

and can be obtained by contraction ofOSp(1|64;R).
(iv) In this Letter we discussed the analytic co

tinuation of D = 11 Minkowski superalgebra wit
only supersymmetrized Abelian bosonic charges
has been argued (see, e.g., [24–26]), due to the
tion Sp(32)⊃O(10,2), thatOSp(1|32;R) is the gen-
eralizedD = 11 AdSsuperalgebra, andOSp(1|64;R)
describes the generalizedD = 11 superconformal al
gebra. If we consider the holomorphic version
EuclideanM-theory the corresponding generaliz
EuclideanAdSsuperalgebra and generalized Eucl
ean conformal superalgebra are obtained by holom
phic complexification and respectively given by t
OSp(1|32;C) andOSp(1|64;C) superalgebras.

(v) It appears that theM-algebra (1.1) describes a
well the symmetries of nonstandardM∗-theory with
signature(9,2), andM ′-theory, with signature(6,5),
which are related with standardM-theory by dualities
([27,28]; see also [29]). Different choices of signatu
corresponds to different choices of holonomy grou
embedded insl(32;R). If we pass to complex Her
mitean holonomy structures, embedded insl(32;C),
we can describe 12 different versions ofM-theories,
with any signature (11− k, k) (k = 0,1, . . . ,11). In
particular, for signatures(8,3) and (4,7) we should
use the holonomy groups embedded inSl(16;H) ⊂
Sl(32;C).
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