PUBLISHED BY INSTITUTE OF PHYSICS PUBLISHING FOR SISSA

RECEIVED: May 22, 2008
ACCEPTED: June 16, 2008
PUBLISHED: July 1, 2008

I

M2 to D2 revisited

Pei-Ming Ho

Department of Physics and Center for Theoretical Sciences,
National Taiwan University, Taipei 10617, Taiwan, R.O.C.
E-mail: pmho@phys.ntu.edu.ty

Yosuke Imamura and Yutaka Matsuo

Department of Physics, Faculty of Science, University of Tokyo,
Hongo 7-3-1, Bunkyo-ku, Tokyo 113-0033, Japan
E-mail: limamura@hep-th .phys.s.u-tokyo.ac. ‘]d, lnatsuo@phys .s.u-tokyo.ac. 1'p|

ABSTRACT: We present two derivations of the multiple D2 action from the multiple M2-
brane model proposed by Bagger-Lambert and Gustavsson. The first one is to start from
Lie 3-algebra associated with given (arbitrary) Lie algebra. The Lie 3-algebra metric is not
positive definite but the zero-norm generators merely correspond to Lagrange multipliers.
Following the work of Mukhi and Papageorgakis, we derive D2-brane action from the model
by giving a variable a vacuum expectation value. The second derivation is based on the
correspondence between M2 and M5. We compactify one dimension and wind M5-brane
along this direction. This leads to a noncommutative D4 action. Multiple D2 action is then
obtained by suitably choosing the non-commutative parameter on the two-torus. It also
implies a natural interpretation to the extra generator in Lie 3-algebra, namely the winding
of M5 world volume around S' which defines the reduction of M theory to Il A superstring.
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1. Introduction

The multiple M2-brane model of Bagger-Lambert [l|-f] and Gustavsson [, fjj is defined
on Lie 3-algebras [ff], which serve as the gauge symmetry algebras for the M2-brane world-
volume theory. For the consistency of these symmetries, we need to impose the funda-
mental identity on the Lie 3-algberas. But it turns out that the fundamental identities
are extremely restrictive. For quite some time the only known non-trivial example of Lie
3-algebras is the algebra Ay [[J] with 4 generators and SO(4) symmetry, until many more
examples were given in [§]. In fact, Nambu-Poisson brackets [—[[J can be viewed as in-
finite dimensional Lie 3-algebras, and it can be used [[[4] to construct an M5-brane out of
infinitely many M2-branes.

While it is easy to find Nambu-Poisson brackets equipped with positive definite invari-
ant metrics, all finite-dimensional examples, except direct sums of A4 and trivial algebras,
have the salient feature that the invariant metric is never positive definite. It was thus con-
jectured in [§ (see also [, [[f]) that there exists no other finite dimensional Lie 3-algebras
with a positive definite metric. This conjecture was later proved in refs. [E, @].1

While A4 corresponds to a certain fixed configuration of M2-branes in an M-fold [[[9-
R3], other Lie 3-algebras are needed for other backgrounds. Thus we either dismiss the BLG
model, or we have to accept Lie 3-algebras with zero-norm or negative-norm generators.
Some may worry that the existence of negative-norm generators in the Lie 3-algebra may
lead to ghosts in the BLG model. Thus a crucial test of the BLG model is whether it

1On the other hand, it was suggested [@] that the BLG model is to be studied only at the level of
equations of motion, which does not require the definition of an invariant metric. For other interesting
development on the multiple M2 theory, see for example @], in addition to [E7 E,E]



can make sense for a Lie 3-algebra with a metric which is not positive definite. Another
important task is to find Lie 3-algebras which will lead to U(/N) gauge theories for arbitrary
N, in order to describe the configuration of N D2-branes when one of the spatial dimensions
is compactified.

In this paper, we first construct a Lie 3-algebra as an extension of an arbitrary Lie
algebra (section [J). We show that the BLG model based on this new example of Lie
3-algebra is parity invariant, and the zero-norm generator corresponds to Lagrange mul-
tipliers (section []). Remarkably, the overall coefficient of the Lagrangian has the scaling
symmetry, and thus there is no free parameter in this theory. However, we also comment
(section @) that in general one can treat the field components corresponding to certain par-
ticular generators as non-dyanmical parameters without breaking supersymmetry or gauge
symmetry. This new interpretation completely removes the ghost for our Lie 3-algebra.
Following Mukhi and Papageorgakis [[[9], we consider the reduction of M2 to D2-branes
(section ). There is no ghost after compactification, and a spatial dimension completely
disappears, reducing the spacetime dimension from 11 to 10. We find that there are no
higher order terms in the D2-brane action, and the translation symmetry is manifestly
preserved.

In this approach of deriving multiple D2-branes from M2-branes through a finite di-
mensional Lie 3-algebra, the physical meaning of the extra generators are not very clear. In
section [, we present the second derivation of D2 from M2. It is based on the construction
of M5-brane from M2 [I4], where the infinite dimensional version of the Lie 3-algebra based
the Nambu-Poisson bracket on three dimensional space was used. It was shown that the
field content of BLG theory is mapped to those on Mb5-brane which include the self-dual
two-form field. We compactify one dimension in this internal 3 dimensional manifold and
wind one direction of M5-brane along this direction. We compute the BL Lagrangian in
this set-up and show that it gives rise to non-commutative D4-brane action where the
non-commutativity is infinitesimal. We show that it is possible to generalize the algebra
of Nambu-Poisson bracket by quantization to finite non-commutativity. When the inter-
nal space is T2, by suitably choosing the non-commutativity parameter, one may obtain
U(N) symmetry on the D2-brane world volume. In this approach, there is no problem of
positivity of the norm from the beginning and it also provides a natural interpretation of
one of the extra generators as the winding mode of M5-brane worldvolume.

2. Lie 3-algebra from Lie algebra

For any given Lie algebra G
[T, 79] = £, Tk (2.1)
with structure constants %) and Killing form A%, we can define a corresponding Lie

3-algebra as follows. Let the generators of the Lie 3-algebra be denoted {T~!,7° 7%}
(i =1,---,dim G), where T%’s are one-to-one corresponding to the generators of the Lie



algebra G. The Nambu bracket is defined by
(7=, 1, 7% = 0, (2.2)
[Tov Tiv Tj] = fkaky
(7,19, 1% = fo*r,
where a,b = —1,0,1,--- ,dim G, and
JE = (2.5)

is totally anti-symmetrized.
One can check that the Nambu bracket, which is by definition skew-symmetric, satisfies
all fundamental identities, that is, for all a, b, ¢, d, €,

[T, 7%, [T°, 7%, T°)] = [[T*,T°, T, T% T + T, [T, T", T, T¢] + [T°, T% [T*,T°, T°)).

2.6
The requirement of invariance of the metric 20
([T, 7°, 7, T + ([T°, [T*,T° T%]) = 0 (2.7)
implies that the metric has to be defined as
(T-h 7Y =0, (T71,7°% = -1, (-1, 1% =0,
(19, 1% = K, (T°, 7% =0, 9
(T*, T7) = h¥, (2.10)
where K is an arbitrary constant and 7,7 = 1,--- ,dim G.
Note that there is an algebra homomorphism
T° - 1° + o771, (2.11)
that preserves the 3-algebra, but changes the metric by a shift of K:
K=(T°T% - K — 2a. (2.12)
Thus one can always choose T such that
K =0. (2.13)

This Lie 3-algebra has the following interesting properties.

1. The Lie 3-algebra reduces to the Lie algebra when one of the slots of the Nambu
bracket is taken by T°. That is,

[T°, 7%, T9] = [T%, T7], (2.14)

where the bracket on the right hand side is the Lie algebra bracket.



2. The generator T never appears on the right hand side of a Nambu bracket.

3. The generator 7! is central, that is, the Nambu bracket vanishes whenever 7!
appears.

4. There are negative-norm generators. The norm of T° + o7 is K — 2a, which is
negative for sufficiently large o. T is a zero-norm generator.

5. Generally speaking, the scaling of structure constants
fabcd N g2fabcd (215)

defines a new Lie 3-algebra, since the scaled structure constants must also satisfy all
the fundamental identities. We can scale the generators T% — gT® to absorb this
scaling, so that the structure constants are scaled back to their original values, but
this will result in a scaling of the metric h** — ¢?h®. However, for the particular
Lie 3-algebra under investigation, a scaling of the structure constants (R.15) can be

absorbed by the scaling
T° = #71° T ' =g¢277t, T ST (2.16)
which does not change the metric at all.

These properties will be important for the consideration of multiple M2-branes.

3. Bagger-Lambert lagrangian

In this section we apply the Lie 3-algebra constructed in the previous section to the Bagger-
Lambert action [-f], which is a supersymmetric action proposed to describe multiple
M2-branes:

S = TQ/d%c c, (3.1)

where T5 is the M2-brane tension, and the Lagrangian density L is

1

i
L= —§(D”XI,DHXI> + =

(U,T"D,¥) + i<‘i’7F1J[X17XJ7 U)) = V(X) + Les. (32)

[\

Here D, is the covariant derivative
(DX (2))0 = 0, XL — £, Apea(x) XL, (3.3)

V(X) is the potential term defined by

V(X) = 1—12<[XI,XJ,XK], ixT, x7, XK, (3.4)

and the Chern-Simons term for the gauge potential is

1 2
£CS _ §EMV)\ (fadeAuabal/A)\cd + ngdagfefgbAuabAuch)\ef> . (35)



The indices I, J, K = 3,---,10, and they specify the transverse directions of M2-branes;

w,v = 0,1,2, describing the longitudinal directions. The indices a,b,c take values in

—1,0,1,--- ,dim G for our Lie 3-algebra introduced in the previous section.

The mode expansions of the fields are
x'=Xxlre = x§1° + XL vt 4+ X,
U =0,T%=VT0+0_ T+,
Ay = AT T
=T @A, 1)~ Ay ) @T ' +T°® A4, — A, @T° + AT @ TV,

where

X = X, T, 0
A1) = Ay

U, T,
24,0:T".

s
=
Il

We also define

A;L = Aw'jfijka.

(3.8)

(3.9)
(3.10)

(3.11)

We will see below that A ,_;) are completely decoupled in the BLG model, and X r ; and

W_; are Lagrange multipliers.

The action has N = 8 maximal SUSY in d = 3, and the SUSY transformations are

oX! = jerlw,,
1
00, = Dy XD — 2 Xy XX fral e,
6A,b, = iel, T X v fed, ALy = Apeaf®,.

In terms of the modes, we have

6X} = ierwy,
6XT, =il Tw_y,
X1 = ety
5V = 9, X, T e,
1 Aty o
§W_y = (9, X1, — (A, XT)IHT e — g<XfXJXK>rUKe,
~ A A 1 A N
o¥ = D, X' e — 5Xg[XJ,XK]F”Ke,
0A, = el I (X{W — XTw),
A, = il (X", 1.

The gauge symmetry for the bosonic fields are written as,

5XCIL — Acdfcdban 7 5Auba — 8!#/16& . Abcfziuca + AubCAca )

(3.12)
(3.13)
(3.14)

(3.23)



(The gauge transformation of ¥ is the same as X'.) In terms of the mode expansions, they

are
sxt =o, (3.24)
oxT, = (N, X1y, (3.25)
oxXT = [A, X1, (3.26)
6A, = 9,A —[A,, A, (3.27)
§A), = 9N —[A, N]— A, A], (3.28)
where
A=2MqT!, N = Ay f9,T". (3.29)

Plugging the mode expansions (B.6)—(B.§) into the Lagrangian (B.2), we get, up to total
derivatives,

_ .1 N
ol AL + Z(Xg)’f X!, X2 (3.30)

Lo~ o1 e LEoun s b
L= <—§(DMX - A, Xp) +Z\I/P“DM\I/+Z

1 AT 1 .
—5()(5[)(1,)07])2 + 5e*“’*FWzl;> + Lgn,

where

Lgn = — <aquA;Xf + (0, X0, X1,) — %@_1waﬂ\1}0> , (3.31)
and
D x'=9,X"—[A,, X", D, w=0,¥—-[A,0], FE,=09,4,-0,4,-[A,A,).
(3.32)
This Lagrangian is invariant under the parity transformation

aH — —zt, r* — —I#, (3.33)
X — X1, X! — -x{, xt, - —x1,, (3.34)
U — 0, Ty — —y, U_| — —U_y, (3.35)
A, — —A,, Al — A (3.36)

Another symmetry of this model is the scaling transformation of the overall coefficient
of the Lagrangian. Usually a scaling of the structure constants is equivalent to a scaling of
the overall constant factor of the action through a scaling of all fields. This overall factor
is then an unfixed coupling, which is undesirable in M theory. However, the situation
is different for our new algebra. As we commented in the previous section, the scaling
of structure constants for the new algebra can be absorbed by a scaling of 7° and 7!
without changing the metric. In other words, the scaling of the overall coefficient of the
Lagrangian is a symmetry. Explicitly, scaling (B-30) by an overall coefficient 1/¢? can be
absorbed by the field redefinition

X' — gx?, X§— g7 Xq, Xt - gxt, (3.37)
U — g0, Ty — g 10y, U_, — @0, (3.38)
A, — A, Al — Al (3.39)



Hence this Lagrangian has no free parameter at all!
Note also that X ; and W_; appear only linearly in L_;, and thus they are Lagrange
multipliers. Their equations of motion are

’X{ =0, T"9,¥,=0. (3.40)

Hence X()’ and W, become classical fields, in the sense that off-shell fluctuations are excluded
from the path integral. Actually we can set

X! = constant, g =0, (3.41)

without breaking the supersymmetry (B.15)—(B-22) nor gauge symmetry (B.15)—(B.22).

After we set (B.4J]), the Lagrangian is given by (B.30) without the last term Lgy. It is
remarkable that the ghost degrees of freedom associated with X?; and ¥_; have totally
disappeared for this background. The resulting theory is clearly a well defined field theory
without ghosts.

The fact that the background (B.41]) does not break any symmetry suggests an alter-
native viewpoint towards the BLG model. That is, we can change the definition of the
BLG model by defining X{, ¥y as non-dynamical constant parameters fixed by (B.41]). The
resulting model has as large symmetry as the original definition of the BLG model, but has
no ghosts. In this interpretation, the parameter Xé plays the role of coupling constant.

4. Reduction of 3-algebras in BLG model

From the example of the new 3-algebra described above, we see that in general there are
two kinds of 3-algebra generators that are special from the viewpoint of the BLG model.
First, if a generator T can never be generated through a Nambu bracket (like T in
our 3-algebra), i.e.
%4 =0 Va,b,ec, (4.1)

then fl“b 4 =0, and it is straightforward to check that for the assignment
X% = constant, W, =0 (4.2)

on the components corresponding to this generator T4, we have D, X 1{‘ = 0 and the SUSY
transformations of the fixed components vanish

XL =6U,=0 (4.3)

for arbitrary SUSY transformation parameter e. Thus the complete SUSY is preserved

by ((2).

For the gauge symmetry, if we define the gauge transformation parameter in (B.29) as
Aba = Acddebm (44)

then for arbitrary A.q, we have all gauge transformations of the fixed components vanish.
Hence the gauge symmetry is preserved for arbitrary A.;. However, there is the possibility



that in some cases not all degrees of freedom in Ab, correspond to Aoy, and the correspond-
ing gauge symmetry may be broken, while all those which can be written in terms of A4
are preserved.

Similarly, if a generator T4 is central (like 77! in our 3-algebra), i.e.,

fA%. =0 Va,b,ec, (4.5)
then the assignment
XT4 = constant, U4 =0 (4.6)

preserves SUSY and gauge symmetry. Here the index A is raised using the invariant metric
XA = XIpad ete. (4.7)

Furthermore, corresponding to the central element 74, the components

XL, wu Ala (4.8)
cannot appear in the interaction terms. X 1{1 and W, can only appear in the kinetic terms,
while Au?éx is completely decoupled.

Since the metric components for central elements are not constrained by the require-
ment of invariance, we can always choose them to vanish

hAB =0, (4.9)

and the components X ;2 and W4 can only appear linearly in the kinetic terms. They can
then be integrated out as Lagrange multipliers.

As the assignments ({.9) and ([.§) for two special types of generators preserve all SUSY
and gauge symmetries, one can take the viewpoint that these variables are non-dynamical
by definition. We have seen earlier that this interpretation removes the ghost from the
BLG model for our new 3-algebra.

5. From M2 to D2

Let us now consider the theory defined in section 3 for the particular background
X =1, Ty =0, (5.1)

where v is a constant vector. Without loss of generality, for space-like vector v, we can
choose v to lie on the direction of X0

vl =06, (5.2)
As we mentioned in the previous section, fixing the fields X/ and ¥ by (F-1]) removes the
ghost term Lgy, from the Lagrangian. We can now integrate over A’ and find

1 e} A‘(4 1 A‘(4 A~ Z ~ A ~ 1 ~
Lo = _i(DuX )%+ Z1;2[X L XP1? 4+ Z\PF“D,}IJ — @Fi,,, (5.3)

where A, B =3, ---,9.



It is very interesting to note that all degrees of freedom in the spatial coordinate X1°
have totally disappeared from both the kinetic term and the potential term of the action. It
is fully decoupled from the Lagrangian for the particular background under consideration.

Let us now recall that when M theory is compactified on a circle, it is equivalent to type
I A superstring theory and M2-branes are matched with D2-branes. The background (f.1)
considered above is reminiscent of the novel Higgs mechanism in [[[J]. It was originally
proposed to describe the effect of compactification of X0, and later found to correspond
to a large k limit of a Zo, M-fold [0, R1].

The M theory parameters can be converted to the parameters of type Il A superstring

theory via
1

2ma!

R = g,ls, and T,

= 21 RT). (5.4)

The Lagrangian (b.3) is thus exactly the same as the low energy effective action of multiple
D2-branes if v is given by the perimeter of the compactified dimension

v =27mR. (5.5)
Despite the similarity, there are a few features of our model that are different from [[[9]:
1. The action (5.3) does not have higher order terms.

2. The translation symmetry of the center of mass coordinates corresponding to the
u(1) factor of G is manifest.

These are considered as stronger signatures of the reduction of M2 to D2 due to a com-
pactification of the M theory on S*.

As the D2-brane is dual to M2-brane, the 11-th dimension of the M theory is not lost
when X0 disappears. It is dual to the gauge field degrees of freedom on the D2-brane [RF].

6. From M5 to D2

In this section, we present a very different derivation of D2-brane from M2. It is based
on the derivation of M5-brane from BLG theory [[4]. We consider a three dimensional
manifold N equipped with the Nambu-Poisson structure. By choosing the appropriate
local coordinates y” (j1 = 1,2,3), one may construct an infinite dimensional Lie 3-algebra
from the basis of functions on NV, x* (a = 1,2,3,--) as,

a c abc 8fl 8f2 8f3
{X X0 x } = axt A fafsy =) Gﬂpxa—wayy@- (6.1)

d JTE79)

From the property of the Nambu-Poisson structure, this 3-algebra satisfies the fundamental
identity with positive definite and invariant metric for the generators,

X", x") = /N Pyx )X () - (6.2)



By the summation of these generators with the fields in BL action,

=Y Xi(@)x"(v), (6.3)
y) = Z \Ija(:p)xa(y) > (6'4)
l‘ Y, Y ZAuab (y,)7 (65)

we obtain the fields on the six dimensional manifold M x A" where M is the world volume
of the original membrane. We note that the gauge field A, (z,y,y’) appears to depends
on two points on N. However, if we examine the action carefully, one can show that it
depends on A, (z,y,y’) only through [4],

buo(z,y) = 88/1/ Au(:zt,y,y/) i (6.6)
y'=y
Therefore the action can be written in terms of the local fields. It was shown that the BL
Lagrangian, after suitable field redefinitions, describes the field theory on M5 [[14] which
includes the self-dual two-form field. While the analysis in [[4] is at the level of quadratic
order, we will present here the nonlinear action which includes all the terms in BL action.
This is based on a technical development in [P4] where the exact analysis including the
nonlinear terms are given. Because the full detail of the computation is given in [24], we
present only the result and its implication here.
In order to obtain D4 from M2, we have to wind X 3 around the compact y3 direc-
tion [ and impose the constraints that the other fields do not depend on yg. Other than
that, we use the same field configuration [[4]

X3 =y, (6.7)

XY =y +ez505(2,y), (6.8)

au(xay) = bu3($7y)7 (6 9)

ax(@,y) = €;50aby5, (6.10)

83Xi = (93\1’ = agaﬁ' = agau = 83&)\ =0. (6 1)

Here we use the indices &, B, -+ to denote 1,2 such that the world volume index of D4 is
u and & We use the notation ¢ = 1,--- ,5 for the transverse directions. We repeat the

same computation as in [[4] but here we include the nonlinear terms. It turns out that b,
appears only through a, and a,.

Various terms of the D4 action can be computed [[4, P4] straightforwardly. First the
potential term becomes

- (X X XEP) = /Ndy —5— Fis = 7Fap” — 7DaX - 7{X X517 ), (6.12)

where

FdB = 8@&[; — aﬁ-ad + {ad, aﬁ} , DgX; = 04 X; + {ad,Xi} . (6.13)

— 10 —



While we expect to have the Abelian U(1) gauge field on the world volume, we have the
Poisson bracket

{f.9y = D €i0af0s9 (6.14)
&,B8=12
everywhere. It implies that we can not escape from the noncommutativity in N direction

as long as we start from BL Lagrangian. The Chern-Simons term (B.F) becomes, after
partial integrations,

1 -
Lcg = —56“”>‘/d3y au(x,y)For(z,y), Fu = 0ua, — 0pa, + {ay,a,} . (6.15)

Finally the kinetic terms for X! and the fermion become

SO = [ @Bt DX 60
%(\II,F“Du\If>+£<\P,F1J[XI,XJ,\If]) = %/j\/(f’g( UTHD, U+ UT*De U+ UT; { X, 0},
where

Fls = Opas — Osay + {ay, as} , D, X; =0y + {au, Xi} , (6.17)
D, =9,V + {a,, U}, DW= 05V + {ag, ¥}, (6.18)
To =Y Tis€5 I =Tj. (6.19)

B

We note that the field @, does not have the kinetic term and can be integrated out exactly.
The integrand does not depend on y3 so we obtain overall factor of 2R (R is the radius
of the compactified direction) after the integration over yg.

We note that in the computation, there are no ambiguities associated with the inner
product. After integrating out the auxiliary field a,, one arrives at the D4-brane action
(after neglecting the constant term and the total derivative term)

S = 271R/d5a: <—iFM2 - %DﬁX’Q + 5 UTED, W - i{X",Xj}z + 500 {X, sz}) .
(6.20)
Here p,v,--- are the integrated indices for p,v and &, run from 0 to 4. As already
mentioned, A, = a,,a4 is not exactly the commutative U(1) gauge field but it includes
noncommutati_vity in u = 3,4 directions (originally & directions). The definition of the
field strength and the covariant derivatives are, of course,

Fu = OpAy — Oy Ay + {Aga Az} :
D" = 9, X" + {4, X'}, D -0, + {40}, 62)

The origin of the noncommutativity is obvious. It comes from the Nambu-Poisson
bracket where the space of the function is truncated to

{y’IucNV). (6.22)

— 11 -



Here we decompose N into y3 direction and N described by y!2. The Nambu-Poisson
bracket becomes (for fi(y',y?) € C(N"))

(1 )Y = o} L fon fs}Y7 =0, others =0, (6.23)

The commutator terms in the lagrangian come from this algebra. This algebra turns out to
be identical to Lie 3-algebra (£:3--4) if we put 7! to zero. The generator that corresponds
to TV is y3 , which describes the winding of M5 world volume around S?.

The Poisson bracket {f, g} can be obtained from the matrix algebra when the matrix
size N is infinite. By using the standard argument (see for example [R7]), it is easy to
claim that the D4 action which we just obtained can be regarded as describing an infinite
number of D2-branes.

However, in order to obtain the finite N theory on D2-brane, this is not sufficient.
We need to quantize the Nambu bracket. In general, the quantum Nambu bracket is very
difficult to define. However, for the truncated Hilbert space (.29), this is actually possible.
We deform the Nambu-Poisson bracket by,

3
1 for 31N = D eiiin(fix £5)0s (6.24)
i,5,k=1
where * is the Moyal product,
(F *9)(y',y?) = explic300,50.5) Fy', y7)g(=" 2=y (6.25)

It does not satisfy the fundamental identity when we consider C'(N') as a whole. If we
restrict the generators to (B.23), we can recover the fundamental identity. If we take N7 as
T? and quantize 6 suitably, the quantum 72 reduces to the U(N) algebra,

UV =VUw, V=1, UN=vN=1. (6.26)

In this case the quantum Nambu-Poisson bracket reduces to the one-generator extension
of U(N) algebra

(1,7, 7] = f,,T%, [T, 17,T"] = 0. (6.27)

The multiple D2 action can be obtained by expanding the functions in yi’2 directions by
U,V and replacing the covariant derivative Dgs by the commutators

Da® — [X4, P (6.28)
for general ®.

In this way, by taking a path M2 — M5 — D4 — D2, one can obtain the multiple D2
theory without touching the problem of the negative-norm state.

— 12 —



7. Conclusion

In this paper, we study two approaches to obtain multiple D2-brane action from the BLG
theory. In the first approach, one defines Lie 3-algebra which contains generators of a given
Lie algebra. Such an extension inevitably contains generators with negative norms. We
argued that by suitably choosing such extension, one might restrict the field associated
with it to constant or zero while keeping almost all of the symmetry of BLG theory. Such
truncation leads to the symmetry breaking mechanism of [I] and generates the standard
kinetic term for the gauge fields on the multiple D2-brane worldvolume.

In [§, we have presented many examples of Lie 3-algebras which satisfy the funda-
mental identity. The algebra which we consider here is a generalization of one of them. It
is quite interesting to conjecture that similar mechanism which we consider here may be
applied to other examples by restricting the fields associated with the null/negative norm
generators to constants. Such theories may not describe M2 or D2 but would give a new
insight into M theory dynamics.

In the second derivation of multiple D2-brane, we found that the extra generator has
a simple physical origin, the winding of M5-brane around S! which defines the reduction
from M theory to the type I A theory. One may provide a similar geometrical origin to
other Lie 3-algebras.

We also commented that to have finite NV theory from M5, we need quantization of the
Nambu-Poisson bracket. This is trivially possible in our case for D4-branes since we have
reduced the Namb-Poisson bracket into the usual Poisson bracket. In general, however, we
need to consider the quantization of full Nambu-Poisson bracket in the full function space.
We hope that the many studies in the past Rg, [0, B9 would provide a breakthrough
toward this direction.

Note added. When we have almost finished the paper, there appeared a paper [B(]
which overlaps considerably on the first proposal of this paper for deriving D2 from M2 in
the BLG model.
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