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Abstract

We study the hidden symmetries of the fermionic sector of D = 11 supergravity, and the role of K (E1g) as a generalised ‘R-symmetry’. We
find a consistent model of a massless spinning particle on an E1g9/K (E1g) coset manifold whose dynamics can be mapped onto the fermionic and
bosonic dynamics of D = 11 supergravity in the near space-like singularity limit. This Eqg-invariant superparticle dynamics might provide the
basis of a new definition of M-theory, and might describe the ‘de-emergence’ of spacetime near a cosmological singularity.

© 2006 Elsevier B.V. All rights reserved.

Eleven-dimensional supergravity (SUGRA11) [1] is believed
to be the low-energy limit of the elusive ‘M-theory’, which
is, hopefully, a unified framework encompassing the vari-
ous known string theories. Understanding the symmetries of
SUGRA; is therefore important for reaching a satisfactory
formulation of M-theory. Many years ago it was found that
the toroidal dimensional reduction of SUGRA1; to lower di-
mensions leads to the emergence of unexpected (‘hidden’)
symmetry groups, notably E7 in the reduction to four non-
compactified spacetime dimensions [2], Eg in the reduction
to D = 3 [2-5], and the affine Kac—-Moody group Eg in the
reduction to D = 2 [6,7]. It was also conjectured [8] that the
hyperbolic Kac—-Moody group E19 might appear when reduc-
ing SUGRA11 to only one (time-like) dimension.

Recently, the consideration, a la Belinskii, Khalatnikov and
Lifshitz [9], of the near space-like singularity limit! of generic
inhomogeneous bosonic eleven-dimensional supergravity so-
lutions has uncovered some striking evidence for the hidden
role of E1g9 [10,11]. Ref. [11] related the gradient expansion
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(9 < 9;), which organises the near space-like singularity limit
[12], to an algebraic expansion in the height of positive roots
of E19. A main conjecture of [11] was the existence of a
correspondence between the time evolution, around any given
spatial point x, of the supergravity bosonic fields g/%&(t,x),

A%\), p(t,X), together with their infinite towers of spatial gra-

dients, on the one hand, and the dynamics of a structure-
less massless particle on the infinite-dimensional coset space
E190/K(E10) on the other hand. Here, K(E1p) is the maxi-
mal compact subgroup of Ejg. Further evidence for the réle
of the one-dimensional non-linear sigma model E19/K (E10) in
M-theory was provided in [13-16].

An earlier and conceptually different proposal aiming at
capturing hidden symmetries of M-theory, and based on the
very-extended Kac—-Moody group Ej11, was made in [17,18]
and further developed in [19-21]. A proposal combining the
ideas of [18] and [11] was put forward in [22-24].

In this Letter, we extend the bosonic coset construction of
[11] to the full supergravity theory by including fermionic vari-
ables; more specifically, we provide evidence for the existence
of a correspondence between the time evolution of the coupled
supergravity fields g%&(r, X), A%\),P(t, X), w,(jl) (t,x) and the
dynamics of a spinning massless particleon E19/K (E19). Pre-
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vious work on E19 which included fermions can be found in
[13,25].2

To motivate our construction of a fermionic extension of the
bosonic one-dimensional E19/ K (E1p) coset model we consider
the equation of motion of the gravitino in D =11 supergrav-
ity [1].2 Projecting all coordinate indices on an elfbein E(n) =

E{}), dx™, the equation of motion for xp(ll) = E(%)Aw(“)
(neglecting quartlc fermion terms)
0=_E4:=TB[(Da(@) + Fa)¥ s> — (Dp(@) + Fp)v V],
1)
where Dy(w) = E(ﬁ) 4Dy denotes the moving-frame co-
varlant derivative Da(@)¥ 5" = aavg” + o\ e C 4+
o2, rCPyIY  and  where  Fp = 4qig (T4 BCPE

4 @Dacp

-8 FCDE)F(%LE denotes the terms depending on the 4-
form field strength Fy;\p, = 49, A5, Here offp. =
—wfé)g = E(ﬁ)Awﬁ;C denotes the moving frame com-
ponents of the spin connection, with w'{p. = 3(2\n: +
Qc(rli)g — 25 o c ) Where .Qf‘l;)c = —Q(llc are the coeffi-

cients of anholonomicity. Following [11,15] we use a pseudo-
Gaussian (zero-shift) coordinate system ¢, x™ and we accord-
ingly decompose the elfbein E(11) in separate time and space
parts as E(ll) = Ndt, EQy;, = e, dx™. We note that the
zehnbein Ef) ) = ef) is refated to the non-orthogonal, time-
independent spatial frame 0 (x) = 67, (x) dx™ used in [11] via
elig) = 510" [15].
Using the D = 11 local supersymmetry to impose the rela-
tion y$™ = rorey ™, and defining &, := Ngl/41, (with
1/ = det(e(lo)m)), we find that the spatial components of the
gravitino equation of motion (1), when expressed in terms of a
rescaled ¥ {1 := g1/4y Y take the following form

11 11
ga — at Ipa(].o) + wlgab)w(lo)b 4 t(c )chw(lo)
1 1y bed 1, (10) 2 (11) ~b, (10)
_EFtbcd “ 1/, 3Fta cF w ¢
1 N
A1) ~ b (lO)d (11) <0 ~bcde s (10)
+ 6Flbcdra Cvf 144Fbca'eF r el//
N F(ll) [0 pbede ), (10) _ N F(ll) or 10) f
+ g Fabed Ve = 25 Fpcae " Tabed ef ¥
A1) A\ 0 b, 10, N @11 10 pbed ., (10)
+N(a)ahc bac)r Iy L+_wahcr re '(pd

2

2 Results similar to some of the ones reported here have been obtained in
[26].

3 We use the mostly plus signature; M,N,...=0,..., 10 denote space-
time coordinate (world) indices; m, n, p, . 1 ..... 10 denote spatial coor-
dinate indices, and the indices i, j, k,l = 1 ..... 10 label the non-orthonormal
frame components 6¢,, dx™. Spacetime Lorentz (flat) indices are denoted
A, B,C,..., F=0,..., 10, while a, b, ..., f=1..., 10 denote purely spa-
tial Lorentz indices. We use the conventions of [1,2] except for the replacement
F(%Is = +i1‘hj‘e”re (linked to the mostly plus signature) which allows us to use
real gamma matrices and real (Majorana) spinors. The definition of the Dirac
conjugate is ¥ := wTFr?ere' and thus differs from [1] by a factor of i. The field

strength F}Q,,%’&PQ used in this Letter is equal to +1/2 the one used in [11].

(11) 0 prbed ; (10
4 bch ree w( )
1 1
+ Ng1/4rorb<28a%§ ) gy gcb>1/,<11>
an,an 2 oan o
oo, ¥yt 5 00b¢( )> )
Refs. [11,15] defined a dictionary between the temporal-

gauge bosonic supergravity fields g(ll) (,X), A%,}I),(t,x) (and

their first spatial gradients: spatial connection and magnetic
4-form) and the four lowest levels i, (1), Aijr(1), Aiy g (D),
Aigjiy...ig () Of the infinite tower of coordinates parametrising
the coset manifold E19/K (E10). Here, we extend this dictio-
nary to fermionic variables by showing that the rescaled, SUSY
gauge-fixed gravitino field w(m) can be identified with the
first rung of a ‘vector-spinor-type’ representation of K (E1g),
whose Grassmann-valued representation vector will be denoted
by ¥ = Vo, U, .. )% We envisage ¥ to be an infinite-
dimensional representation of K (E1p) which is decomposed
into a tower of SO(10) representations, starting with a vector-
spinor one . Our labelling convention is that coset quantities,
such as A;j, or ¥ do not carry sub- or superscripts, whereas
supergravity quantities carry an explicit dimension label.

We shall give several pieces of evidence in favour of this
identification and of the consistency of this K (E1g) representa-
tion. As in the bosonic case, the correspondence 1/&510) t,X) <
Y1) = v, (¢) is defined at a fixed, but arbitrary, spatial
point x. A dynamical system governing a ‘massless spinning
particle’ on E19/K (E10) will be presented as an extension of
the coset dynamics of [11] and we will demonstrate the con-
sistency of this dynamical system with the supergravity model
under this correspondence. More precisely, we will first show
how to consistently identify the Rarita—Schwinger equation (2)
with a K (E1p)-covariant equation

8w ). )

This equation expresses the parallel propagation of the vector-
spinor-type ‘K (E1p) polarisation’ ¥ (¢) along the E1o/K (E10)
worldline of the coset particle. Our notation here is as fol-
lows. A one-parameter dependent generic group element of
E1o is denoted by V(¢). The Lie algebra valued ‘velocity’
of V(1), namely v(r) = 9, VYV~ € e19 = Lie(E1p) is decom-
posed into its ‘symmetric’ and ‘antisymmetric’ parts accord-
ing to P(r) := vsym(t) 1= 3(v(t) + v7 (1)), Q) := Vanii(t) =
%(v(t) — v (1)), where the transposition (-)7 is the gener-
alised transpose of an e1o Lie algebra element x7 := —w(x)
defined by the Chevalley involution w [27]. K (E19) is defined
as the set of ‘orthogonal elements’ k=1 = k7. Its Lie algebra
t10 = Lie(K (E1p)) is made of all the antisymmetric elements
of e1g, such as Q.

The bosonic coset model of [11] is invariant under a global
E1o right action and a local K(Ey) left action V() —
k@) V(t)go. Under the local K(E1g) action, P varies covari-

0=Dw (1) = (3 —

4 By contrast, [25] considered ‘Dirac-spinor-type’
K(E10)-

representations of
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antly as P — kPk~1, while Q varies as a K (E1g) connection
Q — kQk™1 4+ 8,kk~1, with 3,k k~1 € 1 following from the
orthogonality condition. The coset equation (3) will therefore
be K (E1p) covariant if ¥ varies, under a local K (E1g) left ac-
tion, as a certain (“vector-spinor’) linear representation

VS
v — Rk)-¥ 4)

VS
and if Q@ in (3) is the value of Q € ¢1g in the same represen-

tation \Iles. In order to determine the concrete form of 5 in the
vector-spinor representation we need an explicit parametrisa-
tion of the coset manifold E1o/K (E10).

Following [11,15] we decompose the Ejg group w.r.t. its
GL(10) subgroup. Then the £ = 0 generators of e1g are gl(10)
generators K¢, satisfying the standard commutation relations
(K, K 4] =08,K“q— 85K . The ego generators at levels £ =
1, 2,3 as GL(10) tensors are, respectively, £419293 = Elaiaaasl
E01.-.a5 — E[al--ﬂB], and E%lai..as — E00|[al--»08]’ where the
£ = 3 generator is also subject to El%le1--a8l — 0 In a suitable
(Borel) gauge, a generic coset element V € E19/ K (E1p) can be
written as V = exp(Xp,) exp(X 4) with

Xp=h".K,
1 ajazas 1 ajy...dg
XA = §Aa1a2a3E + aAal..‘aeE
1
+ &Aao\al.“agan‘almaB + - (5)

Defining eia = (eXPh)ia = 8ia + hia + %hishsa + --- and
&% := (e~1)?; one finds that the velocity v € eqo reads, ex-
panded up to £ = 3,

_=b i a 1 i1 i i3 arazas
v=e;0e K% + ety e?,e3 0, DA i E

3!
1 . .
+ ael]_al .. EIBaGDAil,,,isEal'"aB
1 . .
+ aeloao e elsdg DAiolil...ig Ea0|a1...a8. (6)

Here, DA, i,iy = 9;Ai,iri5, and the more complicated expres-
sions for DA;, i, and DA;q);,. ;s Were given in [11]. In the
expansion (6) of v one can think of the indices on the gen-
erators K9, etc., as flat (Euclidean) indices. As for the in-
dices on DA;,j,is, €tc., the dictionary of [11,15] shows that
they correspond to a time-independent non-orthonormal frame
0" =6',,dx™. The object ¢/, = (exph)’, (which is the ‘square
root’ of the contravariant ‘coset metric’ g/ =Y, e’ e/,) re-
lates the two types of indices, and corresponds to the inverse of
the matrix $¢; mentioned above. The parametrisation (5) corre-
sponds to a special choice of coordinates on the coset manifold
E10/K (E10).
We introduce the €19 generators through

J =K%~ K",

aiazaz __ prai1azag
J =E - Fa1a2a3a

ai..ag __ pai...ag
J =E - Fal‘..aav

Jao\a]_...ag — an|a1...08 —F

aplay...ag» (7)

where Fy a3 = (E@@2a3)T ' etc, that is, with the general
normalisation J = E — F. Henceforth, we shall refer to
Jaeb Juaaas - jai-as gnd jaldai-as ag peing of ‘levels’ ¢ =
0,1, 2,3, respectively. However, this ‘level’ is not a grading
of £10; rather one finds for commutators that [£©), ¢¢)] ¢
g+ @ gD (in fact, 10 is neither a graded nor a Kac—
Moody algebra). Computing the antisymmetric piece Q of the
velocity v we conclude that the explicit form of the fermionic
equation of motion (3) is

1 . VS 11 . . Vs
(at - Eébiatelajab — Egellal .- '613a3DAilmi3Jala2a3
11 . . Vs
— E aellal e 616a6 DAl'l_“l'GJal"'uG
11

. . 'S
—5g¢ @ €845 D Aigliy...ig J 11 4 -)lI/ =0. (8)

VS VS
Here, J ¢ := R(J“Y), etc., are the form the €19 generators take
in the sought-for vector-spinor representation ¥. The crucial
consistency condition for ¥ to be a linear representation is that

VS
the generators J 4, etc. (to be deduced below) should satisfy
the abstract £1p commutation relations

Jab ch] — (Sbcjad +6adjbc _ (Sachd _ 8bdjac = 48chad

Juaas, Jb1b2b3] — Jaazasbibbs _ 1 ggaibi gazbz Ja3b37

Jal..ue’ jbl..‘be] —_6. 6!8albl . .5c15b5 Jasba +.-,

[Jala2a3’ Jbl...bﬁ] — J[a1|a2a3]b1...b5 _ 5!8alb18a2b25a3b3 Jb4b5b6,
[Ja]_azag’ Jho\b]_...bg]

— —336(6bob1b2 Jb3...b8 _ 6b1b2b3 Jb4...b3bo) N ,

ayazaz ayazaz
[Jal.‘.ae Jbolbl‘..bg]
_ bob1...bs ybgb7bg b1...bg yb7rbgbg
- _8!(8(11.‘.116 J _Sal..‘ae‘] ) +oee

[Jao\al.“ag’ Jho\b]_...bg]

—_8. 8'(82’1;3 Jagbo _ 801-4-08b7 Jaobg _ §doar...a Jagbo

bob1... bl‘..l;g
+ 88081 T80 4 Tyt 8,07 80 - o)

computed up to ¢ = 3 in the basis for e1g used in [15]. We use
the flat Euclidean 8° of SO(10) to raise and lower indices.
As SO(10) representation the generator J<l%1--48 s reducible
with irreducible components J and J defined by Jatlaz--as —
Jalaz..as _ %5111[:12 Jas--asl and jas--a0 = g, . Je1la2as-as Ne-
glecting J@le1--48 the corresponding commutators for K (E11)
were already computed in [21]. In Eq. (9) we have used a short-
hand notation where the terms on the r.h.s. should be antisym-
metrised (with weight one) according to the antisymmetries on
the L.h.s., as written out for the SO(10) generators J¢? in the
first line. For the mixed symmetry generator J<l41--98 this in-
cludes only antisymmetrisation over [aj - - - ag]. Under SO(10)
the tensors on the higher levels rotate in the standard fashion.
To compare Egs. (2) and (8) we now use the bosonic dictio-
nary obtained in [11,15]. In terms of our present conventions,



322 T. Damour et al. / Physics Letters B 634 (2006) 319-324

and in terms of ‘flat” indices on both sides® this dictionary con-
sists of asserting the correspondences

e, < Gime(%)a,
_ (11)
- 2NF0a1a2a3’

11)
1...bg?

DAayapas < 2F 5

tajazasz

2
DAal...ae <> _ﬁNEdlmﬂeblmbAFb(

3 = (10
DAao\a]_...ag <~ ENealu-aSble ‘nglbiao . (10)

Here, as in [15], 20,2 = Q7 — 25,5257, denotes the
tracefree part of the spatial anholonomy coefficient Qﬁoc) =
2™ e 9 ef .

10)[a (10)b] 'm (10)n

Using the correspondences (10), as well as their conse-
quence —3(e%;die'q — &% dre'y) < +o') = Not), we can
tentatively reinterpret most terms in the supergravity equa-
tion (2) as terms in the putatively K(E19) covariant equa-
tion (8). Using, as is always locally possible, a spatial frame

such that the trace a);lblc) =0 (and therefore r}ﬁ"g =299, and

abc
neglecting, as in the bosonic case [11], the frame spatial deriv-
atives aaw,gl‘” and 9N = —Nwélolu), we can identify Eq. (2)

with Eq. (8) if we define the action of K (E1g) generators in the
vector-spinor representation by

Vs g 1
(T DW), = Aa” + Z Ase T

VS

@
(JA lIl)a
= iAb al? Y, + 2 pe Py — }Ab aTanc
. 12 Ci a 3 aoc 6 C aoc ’
VS(Z)
(JA l1/)1/1
1 bedefg 1 bedets
= mAbcdeng Ya + @A Labcdef Vg
1 de
- ﬁAabcdebeLdtwf7
VS(3)
(‘]A lIj)a
21

= é g(Alﬂcl...cg Faclmcsl/’b + 8Aa\cl...cg [LCT 8

+ 2Ah|bcl...C7F61VI'C71pa - 28Ab|bcl.4.C7Faclmcal//q)- (11)

VS
Here, we have used a shorthand notation for the action of J
by absorbing the transformation parameters into the generators
; V5(0) 1 Vaay (O 1 VS araza

according to J )" = 5Aaqa,J 2, T} = g AyazasJ 1R,
Y@ _ 1 VPay..a Ve _ 1 VPaolar...ag
I =8 s vand J ) = & Aglar..ag .The
last parameter Ayqq,..43 has two irreducible pieces analogous

VS
to J® and the trace appears explicitly in (11).

Proving the K (E19) covariance of the coset fermionic equa-

VS

tion (8) now reduces to proving that the generators J () defined
by (11) do satisfy the K(E1p) commutation relations which
were given in (9). It is easy to see that the commutators of the

5 To convert “frame’ indices i, j, k, ... into “flat’ ones a, b, c, ..., one uses
e' ; on the coset side, and e([m)a = Hlme(ino)a = (571), on the SUGRA side.

VS
level-zero generators J (@ with themselves, as well as with any

VS
other J ® for ¢ > 0, produce the required SO(10) rotations of
(9). The other commutators require some tedious calculations
using the gamma algebra. The result of this computation is

'S 'S VS VS
(7. 701w), =20(7@w), - (F2w),.
1 vs

(7. 751w, =567 Pw), - 5 (TP w)

@ (12)

a’

Vs
where the J (EZ) are defined as above, but now with new para-

; O _ did 2
meters given by X7 = Adldz[aA;,] 142, Zbl_”be = Afpibybs X

/ €] _ b1bob3 A/ 3) _

Ab4b5h6]’ 261102113 = A Ab1bzb3a1aza3’ and 2a0|a1.4.ag -
/ /

Aolarar Nas..ag) — Aarazas Vaa...aglag” One can now check that

the relations (12) are consistent with the K (E19) commutators
(9). All other commutators have to produce terms on the r.h.s.
which have contributions of ‘level’ £ > 3 and therefore cannot
be checked fully. However, we have verified, where possible,
that the expected contributions of the lower levels appear with
the correct normalisation required by the structure constants of

(9). Therefore we find that the vector-spinor representation T©
of K(E10) which we deduced from comparing (2) and (8) is a
good linear representation up to the level we have supergravity
data to define it.

Using arguments from the general representation theory of
Lie algebras one can actually show that the checks we have
carried out are sufficient to guarantee the existence of an exten-

sion of the vector-spinor representation 7O to “levels’ € > 3
on the same components y,. That is, we can define on v,
alone an unfaithful, irreducible 320-dimensional representation
of K (E1p) on which infinitely many K (E1p) generators are re-
alised non-trivially. For this definition it is sufficient to define

. VS o VS .y
the action of J© and J @ on v, and check Serre-type compat-

ibility conditions [28]. We view the fact that the 7@ and 7®
transformations deduced from the supergravity correspondence
above agree with this general construction as strong evidence
for the relevance of the vector-spinor component of the infinite-
dimensional K (E1g) spinor ¥ = (v, ...) we have in mind. If
one repeats the same analysis for the Dirac spinor, where the
representation matrices on this 32-dimensional space are given
in terms of antisymmetric I"-matrices (see (16)), one finds that
one can consistently realise K (E19) on a 32-component spinor
of SO(10). The fact that the antisymmetric I"-matrices together
with 19 span the fundamental representation of SO(32) has
led a number of authors to propose SO(32) as a ‘generalised
holonomy’ for M-theory [29,30]. That this group, like the larger
group S.(32) proposed in [31] cannot be realised as a bona
fide symmetry was subsequently pointed out in [32] where it
was shown that no suitable spinor (i.e., double valued) rep-
resentation with the correct humber of components of these
generalised holonomy groups exist. Our approach is radically
different, since we have an action not of SO(32) but of K (E19),
with infinitely many generators acting in a non-trivial manner,
on a genuine spinor representation of SO(10). We therefore
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evade the conclusions of [32].% The appearance of an unfaithful
representation for the fermions was already noted and studied
in the affine case for K (Eg), which shows very similar fea-
tures consistent with our present findings [34]. One possibility
to construct a faithful representation of K (E1g) already pointed
out there might be to consider the tensor product of such un-
faithful representations with a faithful representation, like the
adjoint 19 or the coset e19 © £19.” More details on these as-
pects will be given in a future publication [35].

A deeper confirmation of the hidden K (E1p) symmetry of
SUGRA; is obtained by writing down a K(E1p) invariant
action functional describing a massless spinning particle on
E10/K (E1p). We will be brief and defer the details to [35]. The
bosonic part of the action is the one of [11]

1
Sbos = / dt 5 [PO[PO), (13)

where (-|-) is the standard invariant bilinear form on ey [27]
and where the coset ‘lapse’ function n can be identified with
the rescaled supergravity lapse Ng~/2 (denoted N in [12]).
The fermionic term we add to this action reads
| VS

Stam =3 f dt (# (0[P (1), (14)
where (-]-)ys IS @ K(E10) invariant symmetric form on the
vector-spinor representation space. Observe that this symmet-
ric form is actually anti-symmetric when evaluated on anti-
commuting (Grassmann valued) fermionic variables ¥ (¢), such
that, e.g., (W (@®)|¥(t))ys = 0. On the lowest component of
W = (Y, ...) it is explicitly given by (& |®)ys = ¥ ¢y

The invariance of this form under the generators T defined
in (11) is a quite restrictive condition. We have verified that
invariance holds, but only since we are working over a ten-
dimensional Clifford algebra. By using induction arguments we
find that (¥ |®)ys is invariant not only under (11) but under
the (unfaithful) extension to the full K(E1g) transformations
mentioned above. We expect that the form (¥ |®)ys will ex-
tend to an invariant symmetric form on a faithful representation
U=V, ...).

Further important hints of a hidden K (E1g9) symmetry come
from considering the local SUSY constraint StV = 0 which
is proportional to the time component of the Rarita—Schwinger
equation (1). First, we find that, under the dictionary of [11,
15], SV is mapped into a K (E1p) covariant constraint of the
form P © ¥ =0, when neglecting frame gradients a,;, as we
have done in the derivation of (11). The product ® symbol-
ises a map from the tensor product of e;9 © £10 with ¥ onto
a Dirac-spinor-type representation space of £19. The coset con-
straint P © ¥ = 0 suggests to augment the action Spos + Sterm

6 The transition from SO(10) to SO(32) (or SO(L, 10) to SL(32)) requires
b which is associated with the rank three gauge field. The importance of the
rank three generator in the context of M5-brane dynamics was already stressed
in [33] and also features in [21] where it is seen as part of K (E11). However, it
is an open question whether there exists a vector-spinor-type representation of
K (E11), which would be analogous to (11) and thus also compatible with [32].

7 Let us also note that the 320-dimensional representation of K (E1g) is com-
patible with the fermionic representations studied in [13].

by a ‘Noether’ term of the form

Snoether = f dt (xO|P©) 0 w ()., (15)

with a local Dirac-spinor yx () Lagrange multiplier (that is, a
one-dimensional ‘gravitino’). The total action Shos + Sterm +
SNoether 1S €xpected to be not only invariant under K(E1p),
but also (disregarding w* terms) under time-dependent super-
symmetry transformations which involve a Dirac-spinor-type
K (E1p) representation e(z). In this case the y = 0 gauge
fixed action will be invariant under residual quasi-rigid su-

S
persymmetry transformations constrained to satisfy De(r) =
S

(0;— Q)e = 0. This equation is formally the same as (3) and
(8) but now the generators are found to be (cf. [25])

s 1
ayazaz __ ayazasg
J =TI ,

S 1
Jab — _Fab’
2

;al...ae — }Fal"'as jao\al...ag — 128al~~148b I—vbl...b7
b 7 .

agpby ...

(16)

The particular form of the Dirac-spinor representation on ¢ = 3
S

implies that the irreducible component J“l41--48 js mapped to
zero under this correspondence: indeed, there is no way to rep-
resent a non-trivial Young tableau purely in terms of gamma
matrices. This is in contrast to the vector-spinor representation
(12).

In summary, we have given evidence for the following
generalisation of the correspondence conjectured in [11]: The
time evolution of the eleven-dimensional supergravity fields
g}&,}@(r, X), A%\),P(t,x), w;;l) (t,x) and their spatial gradients
(considered around any given spatial point X, in temporal
gauge and with fixed SUSY gauge) can be mapped onto the
dynamics of a (supersymmetric) spinning massless particle
V@), ¥ (1)) on E19/K (E1). The Ejg-invariant quantum dy-
namics of this superparticle might provide the basis of a new
definition of M-theory. Much work remains to be done to extend
the evidence indicated here, for instance by proving the exis-
tence of irreducible faithful (and hence infinite-dimensional)
‘vector-spinor-type’” and ‘Dirac-spinor-type’ representations of
K (E10).

Let us finally note on the physical side, that we deem it prob-
able that the proposed correspondence between M-theory and
the coset model is such that the two sides do not have a common
range of physical validity: indeed, the coset model description
emerges in the near space-like singularity limit 7 — 0, where
T denotes the proper time, which indicates that the coset de-
scription might be well defined only when T < Tpjanck, i-€., in
a strong curvature regime where the spacetime description ‘de-
emerges’.

8 The coordinate and ‘coset time’ ¢ used above is (in the gauge n = 1) roughly
proportional to —log 7', and actually goes to +oo near the space-like singular-
ity.
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