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A general set of rules is given on how to convert a loeadymmetry of a brane action and space-time
supersymmetry into the global supersymmetry of the worldvolume. A Killing spinor adapted gauge for quan-
tization of xk symmetry is defined for this purpose. As an application of these rules we perform the gauge fixing
of the M-5-brane to get the theory of tfi@,2) tensor supermultiplet inl=6. [S0556-282(198)50206-§

PACS numbdps): 11.25—w, 04.65+¢, 11.30.Pb

[. INTRODUCTION it is a gauge-fixed M-5-brane theory, is also motivated by the
expectation that in matrix theofy1 0], the theory ofn inter-
The set of knownk-symmetric actions include p-branes acting (0,2) tensor supermultiplets may play an important
and more recently D-p-brang¢$—3] and M-5-braneg4,5].  role [11].
The worldvolume fields ofx-symmetric p-brane actions We will use both the action of the M-5-brafé] as well
comprise the mapg"(¢) from the worldvolume coordi- as the geometric approach to the M-5-brane developed in
nates& =0,...p to the superspac&"=(X™ #*). D-p- [12] based on superembedding the target superspace into the
branes depend in addition on the worldvolume 1-form gaugavorldvolume superspace of the brane.
potential and, M-5-branes depend on a 2-form gauge poten- The relation between space-time supersymmetrgym-
tial with the self-dual field strength. All these actions in a flatmetry, and unbroken worldvolume supersymmetry was es-
background have a global space-time supersymmetry as wéhblished in[7]. The unbroken worldvolume supersymmetry
as a localk symmetry which is, in general, infinite reducible defining the Bogomol'nyi-Prasad-SommerfiglBPS states
and difficult to deal with. The quantization was developedon the brane was found to be given by a universal formula
mostly in the light-cone gauge for the Green-Schw@5)
string and for the Bergshoeff-Sezgin-Townsend membrane. 80— (1—T)e=0, D
Recently it became possible in the case of D-p-branes to
define an irreduciblec symmetry and to exhibit the world- where (1+T') is the generator of x symmetry
volume supersymmetry upon gauge fixing an irreducible s _g=(1+1T")«. Also the algebra of Noether supercharges of
symmetry[6]. The gauge fixing of D-p-branes was possiblethe M-5-brane classical action was studied i8].
in a covariant way with respect to a 10-dimensional Lorentz |n this note we will find the worldvolume supersymmetry
symmetry[2,7,6]. which appears in the gauge-fixed action of the M-5-brane.
The purpose of this note is to introduce the concept of The strategy is to adopt here the rules of duality symmet-
irreduciblex symmetry and its consequent gauge fixing for aric quantization in[14] where it was suggested gauge fix
general case ok-symmetric actions. We are not trying to the infinite reducibility of the« symmetry using the Killing
achieve here the quantization covariant in embedding spacepinors admitted by a consistent background of a given ex-
time, in general, although the experience with covariantended objectThis will give us a suitable way to get the
quantization of D-p-branes is helpful. For the M-branes asyorldvolume supersymmetry. However we will not restrict
different from D-p-branes, this type of covariant quantizationourselves to these classes of gauges only. In fact we will
is certainly not possible as the 32 component Majoranavork out the general class of gauges which will serve the
spinor forms the smallest representation of the 1lpurpose of quantization of symmetry. It is expected that
dimensional Lorentz group. the physical matrix elements of the theory are independent of
Our main purpose here is to find the best way to exhibithe choice of the gauge. However the global symmetries of
the worldvolume global supersymmetry of the brane. In parthe theories may take different forms in different gauges.
ticular we would like to get the supersymmetric action andThis freedom will be used for the simplest possible descrip-

global supersymmetry transformation rules for (0e2) ten-  tion of the worldvolume supersymmetric theories.
sor multiplet ind=6 theory. Not very much is known about

the tensor multiplets = 6. In the case 0€2,0) supersym-
metry, the equations of motion describing the couplingnof
tensor multiplets to supergravity have been construfgd The class of actions we consider have 32-dimensional

In the case of1,0) supersymmetry the coupling of the tensor global space-time supersymmetry and the loealipersym-
multiplet to Yang-Mills multiplet in the absence of super- metry are

gravity is known[9]. The interest in the 6-dimensional su-
persymmetric theory of a tensor multiplet, in addition to that

Il. IRREDUCIBLE « SYMMETRY

S.0=¢, OXM=el'™Mg, 2
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Here the ellipsis means the transformation of the Born-Infeld (3) If some choice of a projectdP.. leads to noninvert-
or tensor fieldI' is a function of the fields of the brane and ible A or 1=C, this projector cannot be used for quantiza-
depends o' therefore. The matriX'(£) squares to 1 and has tion. Examples included=10 covariant gauges for the

a vanishing trace: Green-Schwarz string.
) (4) Introduce the irreducible 16-dimensionalsymmetry
rr=0, I"=1, (1+I)(1-1=0; (4 by the constraint

i.e., 1+T" is a projector which makes a 32-dimensional pa-
rameter of « supersymmetry effectively only 16-
dimensional. Let us pick up some constafltindependent
projectors

P_k=3(1—v)k=0. (12

In our basis this means that 16 componentsca&ymmetry
vanish

P.=3(1%y), ©)

“=0. 13
which can divide any 32-dimensional spinor into 2 parts. “ 13

Here again we assume that
Irreducible « symmetry takes the form
tr y=0, »*=1, (1+y)(1-v)=0. (6)
_ 8,0%=(1+C)*gkP,
This £-independent projector will be used to fix the gauge.
We will call the gauge adapted to the Killing spinor when

=Ty, 7 . o . . . .
7=Tla @) (5) Consider a combination of 16-dimensional irreducible
i.e., the constant projectory is the k-symmetry projector « symmetry and 32-dimensional space-time supersymmetry
1+T taken at the values of fields which form a classical

8,0% =AY 5icP. (14

solution describing the relevant bosonic brane. The Killing 8,,0=(1+C) kP + €,
spinor of a space-time geometry naturally cannot depend on
the coordinates of the worldvolume. We will see it in an St 0% =A% siP+ e (15

example of a M-5-brane later. In general we do not require

any relations between possible projectors for gauge fixing (6) Fix the 16-dimensional irreducible symmetry by im-
and x-symmetry generators. We will find out later some con-posing 16 gauge conditions

straints which are required to make a projector defining the

gauge fixing possible. 1 N

The steps to gauge fix symmetry and get the worldvol- Pi0=5(1+y) 920:’9:( 0(1') 6“=0. (16
ume global supersymmetry in the most general case are the
following: (7) Find the relation betweer and e which will keep the

(1) Find the basis in whichy is diagonal so that gauged*=0

10 00 B=—[(1+C) 1P, e (17)
K o
P (o 0>’ P (o 1) ®

(8) Finally get the 32-dimensional supersymmetry

and split all spinors accordingly: transformatioh of 16 #*" living on the brane

0* K¢ e , , ,
0=(0a/>, K:(K ,), e=< ,)_ (9) Oe e 0 =—A“ B[(1+C)71]ﬁae“+e“ . (18

This is thegeneral answerGiven ax symmetry of the action
is known and the right choice of the constant projector is
made, which supplies us with ¥616 matricesC andA, we

(2) On this basis define the block structure of I as
follows:

1+C (1-CHA! have the answer for the worldvolume supersymmetry.
1+T'= ) , For example for D-p-branes we have foreveny=1I",,
A 1-C C=0 and an invertibleA can be found if2,7,6 together
1-C —(1-C?A-1 with the total procedure, described here in steps 1-8. This is
1—1":< ) (10) an example when both-£C andA are invertible for a given
—-A 1+C ' choice of y. With the same choice of type IIA GS string

_ _ _ will have a noninvertibleA=0 and this gauge is not accept-
where the 1& 16 dimensional matrice€ andA commute,  gple as one can verify.

AC—CA=0. (12)

The matrices I' have vanishing determinants and rank 16, !if the reparametrization symmetry is fixed by choosing a static
which means that the 16-dimensional matrice'sC and A gauge, the space-time spindfsrmer scalars on the worldvolume
are invertible. like 6" and €%, €*’ become worldvolume spinors.
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Ill. THE THEORY OF THE (0,2 TENSOR turns out to be a nonlinear function of the fields in the action,
SUPERMULTIPLET IN D=6 whose explicit form can be found ifi5]. Note that due to

We will give here a brief description of the gauge-fixing Lheegsisghdit:wagt)]{o?m?a]\nd the nilpotency of'), I" can also

procedure of the M-5-brane theory which provides the super-

symmetric action fof0,2) tensor supermultiplet id=6. The I=e"el g, (I)2%=0. (27)

Padova-Kharkov manifestlgg=6 general coordinate invari-

ant M-5-brane action i§4] The gauge fixing of the M-5-brane action is inspired by
the superembeddind.2] of the space-time superspace with

SM75(Xm(§),9“(5)-Ajk(§),a(§))=f dBE(Lo+ L), cpordinaiteS)(m,“ intq Worldyolume superspace with coor-
dinates &', 0. We splitm=(i,a’),u=(a,a’). The supe-
(19 rembedding is Xi=¢ 0=p" and
where X2'=X2'(£,0),0° =0 (£,6). To be as close to this as

possible in the bosonic action of the 5-brane we have to

L detg. +Fio)+ [ —g (9) require that in our action
0= — V—aelg; ij A 94 4 did o
4(9a-da) Xi—g ga=0 28)

X(H*)TkH y (d'a), (20 . . L
and the fields of th€0,2) tensor multiplet remaining in the

1 _ action which depend o# are
Lwz=gye't o[ C{ i 10H L CYG T (D) , ,
' X2 (8,0 (§),A(€),a(é), a’=1,2,3,45,
Hereg=det(;), and
9= detl) a'=12,...16. (29
. 1 Sy ,
(H*)"k=ﬁ8”k' PH e Thus we have 5 scalar¥? (¢), a 16-component spinor
N9 0“'(5) which can be considereee below as a chirald
1 =6 spinor with aUSp(4) symplectic Majorana-Weyl reality
Hil=———(H*)%j,a. (22 conditiondg , a tensoi;;(£) with the self-dual field strength
V= (9a-9a) and an auxiliary scalaa(¢). The 11d 3% 32 I'™ matrices

have to be taken in the basis which correspond to the split of
the target superspace into the superspace of the 5-brane and
the rest[12]. This reflects theSpin(1,5)XUSp(4) symme-

try of the six-dimensional theory. An 11d Majorana spinor

whereC{{}) is the pullback of the superspace 3-form gaugedecomposes as

potential C®). The induced worldvolume metric o

gij(§)=Eianbnab, where 5 is theD =11 Minkowski met- = as ), (30
ric and E;=9,ZME\2. The worldvolume six-fornC(®) . , , - ,
is induced by th 6-f tl t T Thwheres= 1,2,3,4isarlJSp(4) index ande=1,2,3,4 is a 6d
IS Induced by he superspace o-1orm gauge potential. 9\/eyl spinor index with uppetiower) indices corresponding
auxiliary worldvolume scalar field(£) serves to achieve the to anti-chiral (chiral) spinors, respectively. The 6d spinors

[)nan|festl3t/_d=6Tﬁeneral co?rdl?ate ]lnvanr;nce of tdhe M-5- satisfy a Majorana-Weyl reality condition. The relevant rep-
rane action. Thec-symmetry transformations and super- = i F < om i

symmetry of space-time fermions are

The generalized field strength of the tensor field is

Hije= A — Clii. (23

i i
8 0=(1+T)k+e, (24) Lo = ms(0) 33, (31)

where where 5 is theUSp(4) antisymmetric invariant metric and
o' the 6d chirally projected gamma-matrices, ef¢2]. In
=L+l (25 terms of 16-component spinors we hayg,= i*', Ye=y“.

Thus we choose a projectarto be a chiral projector of
the 6-dimensional space times the unit matrix. In the basis
above this means that

and

1
6!\]g|

_ 1 y
L= el Ieyilu'%e F(S):Z,_S!hijk?’”k.

B 1 0
%)

Here we are using the form of-symmetry transformations Here the subscripty means that we takexg, =const,
found originally in the superembedding approddl2] and 0C|=O,(hijk)c|=0,(EiJ)c|=5i',(Eia')C|=O, and the field-
proved later to be also a symmetry transformation of th@ndependent part of the-symmetry generator-tI" provides
M-5-brane action ii15]. The worldvolume fieldh;;, of [12] us with the projector for gauge-fixing symmetry. Note that

1. .
'}/:F Clzaelln'lﬁ'yil...‘yie
i=0,...,5, m=0,...,10, y=E"T,,. (26 cf
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this is exactly the projector which specifies the M-5-brane C 0 _ _ .
Killing spinor in the target space. = 0 —C) = > [heThky g (X307, hyj,a),
The gauge-fixed theory is given by the classical action in n=246 39
the gauge28). Since both the reparametrization symmetry (39
and x symmetry are fixed in a unitary way, there are no4q
propagating ghosts. We do not gauge fix the Maxwell theory
of the tensor fields as our main purpose is to get the full 0 (1-c?»A?
theory of the(0,2) tensor supermultiplet id=6. FAE(A 0 )
The action for a tensor multiplet is an action ofM-5
brane in a Killing spinor adapted gauge with vanishing X , _ .
— & and 9%(&): =n§35F'l---r'nFii...im(xa 6% hiy,a).  (40)
S02(X*(£),0(£),Ai(§),a(¢)) Finally the 32-dimensional supersymmetry transformation on
' o i the brane is given b
=S s(X¥(£),07(8),Aj(&),a(¢) X' — ¢ gien by
=0,6%(£)=0). (33) e 0= =AY [(1+C) 1P e+ e (4D

To find the exact nonlinear worldvolume supersymmetrywith A(X2',6<',h;;,a) and C(X?',6% ,hy;,a) presented
transformations of the5 ;) action, we may now proceed for the M-5-brane above.
using the rules from the previous section. In addition to The supersymmetry transformations of the bosonic fields,
gauge fixing the spinor theta, we have to gauge fix the infi5 scalars and a tensor, can be obtained using the combination

nite reduciblex symmetry. We choose as before of k symmetry and space-time supersymmetry of these fields
, and the expressiof¥l). The linearized form of the world-
0=0 k* =0. (349  volume supersymmetry of th€d,2) tensor multiplet was

given in [12]. In notation appropriate for a 6-dimensional

To extract from the generator @fsymmetryl” the matrices theory fore’ =0,

C andA which define the worldvolume supersymmetry, we R _ B

have to take into account that in the flat 11-dimensional 56.9%: eat(ig'&k( yb,)tsaixb’—%g'iggtshijk)_ (42)

background
One can recognize here terms linear and cubit'invhich

r= 16y, ey 440y v v he 1), (35) form the linear approximation of our matrb(..
- 6!\/@6 Yig T YigT A1y Vi Yighijisie) ~ Note however that the full nonlinear action of the self-

interacting tensor multiplet has also a symmetry under addi-

tional 16-component chiral spina®’ =e,5. The one with
the anti-chiral spinoge“= eg in the linear approximation re-

Here we used the fact that the spinors are chiral and therefotates the spinor of the tensor multiplet to the derivative of

oI'?’ 9. 0 vanishes. Using Eq36) we may rewritd” as a sum scalars and to the tensor field strength. The nonlinear action
of prolducts ofl’s has both chiral as well as anti-chiral supersymmetries.

. . , , IV. CONCLUSION
[=2X T'eTF g (X0 h). (37)
n b We have presented here new possibilities to gauge fix
) . ) symmetry which may be useful in the context thie new
All terms with even numben=2,4,6 of 6I"" will contribute  generation ofc-symmetric actionsin particular the most re-
only to C, all terms with odd numben=1,3,5 of "' will  ¢ent x-symmetric theory describing aBL(2,Z) covariant
contribute toA sincel" is Off'd|agona| in our basis. The Superstrind:ls] may need for quantization a K||||ng spinor
dependence on diagonal matridgs is included inF. Thus  of the background to keep th8L(2,Z) symmetry of the
n1 quantized theory. The main emphasis of the new quantiza-
c o0 n 0 (1-CHA tion is to take into account the Killing spinors of the back-
0 —-C A 0 ground for makingc symmetry irreducible and for projecting
out 1/2 of the space-time fermions. This leads in particular to
where a natural construction of globally supersymmetric theories on
the worldvolume. Our main general result is for the space-
time Killing spinor adapted gauges, given tkesymmetry

F=FC+FA= ), (38)

2An interesting possibility suggested by E. Bergshoeff of anothergener"’ltor

gauge fixing the M-5-brane will use the new classical solution of c (1—C2)A’1
Howe, Lambert, and We$12], with (h;j) ¢ # 0 describing the self- = (
dual string soliton of the M-5-brane. Our quantization procedure A —-C '

may require modification when the BPS classical solutions on the
brane are used for projectors. the global supersymmetry on the world volume is
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560=—A(1+C) te+e€'. more detailed and explicit structure of it. Even more effort
may be required to construct the interactionrofof such
tensor multiplets.
As an application of this new quantization we have gauge

fixed the M-5-brane action in a Killing spinor adapted gauge ACKNOWLEDGMENTS
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