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Abstract The verification of the on-shell kappa-syrnmetry for supermem-
branes is usually done by means of a projector operator. In the off-shell case
(Polyakov-like action) this verification is more subtle and that one found in
literature does not make use of such operators. In this work we show that
the off-shell kappa-symmetry can also be achieved by means of a projector
operator.

The action for supermembranes, in its Polyakov form', is given by?2

S =25 +Swz 1)

where
T @
51 = —5/435 V=9 (9%Zs - 2y - 1) (2)
and

T _ - 1. _
Swz = —%/d% gbe 0T 1y Oal (Z,f‘ZC” + iz,j‘ay"aco - goqﬂabaeq”aca) {3)

is a Wess-Zumino term.

In expressions (1) and (2), the superspace tangent is defined as
78 = 3, X" —i9+4"9,0 (4)

where indices a,b, ... vary from 0to 2. v* and ( are respectively D = 11 Dirac
matrices and Majorana spinors, since only in this spacetime dimension superme-

nibranes can be consistently formuiated. The convention and notation we are
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following, as well as some identities which are used throughout, are listed in the
appendix.

In eq.(2], gq can he considered as an auxiliary field, since it has no dynamics.
Actually, an independent variation of the action with respect to g, gives the
embedding relation

Jab = 20 b (5)
If (5)issubstituted in (2), one gets the on-shell form of the supermembraneaction
(Nambu-Goto-Dirac)®

5= -3 [ 4%~ det(Ze- 2" (6)

Of course, this is a classical equivalence.
The fermionic or k-symmetry# is related to the following transformations

660 =(1+T)« (7
6X, = 10,60 (8)

where k = k(£) is an arbitrary Majoranaspinor and (1 £ I') are projection opera-

tors, since
‘3’,7—— 2,24, ©
satisfies
if (5) holds. Thisis the on-shell x-symmetry, and the starting action is S} + Sw 3 -
In the off-shell case, eq. (10) does not hold with T' given by (9). Even in this
case, the k-symmetry still holds®, since the metric tensor transfornisas’

5(v=gg*) = 20g°M¥ k(1 +1)2,7, 0.0

21
+ :—;-——— :5 Cd(a b)efK‘,Z 310(Zc v ZeZyg- Zf + gdec < Zet gcegdf) (11)

Our purpose in this letter isto show the off-shell k-symmetry in an alternative
way. First we construct another gamma matrix, denoted by I, in such a way that
(T")? = 1, independently of (5). One can see that

U= = A (12)
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where
h=detZ,.Z (13)

satisfies this requirement. We thus consider that 8 has, instead of {7), the following
transformation

60=1+1"« (14)

So, the k-symrnetry will be verified if we can show that the variation of action (1)
is proportional to (1— I')é4.

From (4) and (8), with an arbitrary variation 68, we see that
6ZF = 219,04*60 (15)
With this result and using the identity
€ [T tba (Pp7*9c) + 7 (BT wtpc)] = 0 (16)

which holds only for D = 11, in the case of Majorana spinors, we obtain, after a
long algebraic calculation

6Lwz =T ¢°0,87,7.60 (17)

modulo exact differentials. We assume that frontier terms can be eliminated with
aproper choice o « 8.

Considering (15) and (17) weobtain that the total variation of the Lagrangian
corresponding to action Sis

T ‘ 7 : )
6L = 2 (9ab— Z4 2y) 5(\/—_—99“) —2iTv/—g gabaa0Zb 60 +1T eabca“HZbZC 68 (18)
Incidentally, we notice that on-shell, i.e., when (5) is used, wesimply have
8L = —2iT\/=gg**3,07, 60 + iT ¢**3,87,2.. 60
= — 2Ty/—¢ ¢*8,82, (1 — )68 (19)

which vanishes for 68 given by (7).

To obtain the off-shdll case, we consider the following general transformation

6(v=99") = Ag"N*0,07,7,60 + BeXd 0.87,8,8,60+ X (20)
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where A, B and X? arerespectively two scalar sand a symmetric parameter space
tensor which have to be calculated.
By using gamma-matrix algebra and some identities listed in the appendix,

we arrive at

6L = — 2T\/=¢¢™8,07, 60 — 3AT/~h g°*9,02,1'60
+1T €°9,82,2,60 — 3BTV —he*°3,62,2,1'60 + ATe*3,07,7 . 50
- lAT (2g% et + ¢e4)3,872 .2, Z, . Z, 60
- BTgg** (9" ¢"* — 9*°9¥)8.82 ;% ,% ; Za - Z,68
+ 2BTg (9%g"% — ¢*g°N8.82 , Z, - Z 68
+ §T (9ab — Za - Zp) X {21)

If we choose

xob — _ A(g efa b)cd+2gab edc)a' pZdZ 50

— Bgg™(g (“yb)d ~2¢"9%)3.04,4.7 ;66
+ 2Bg (3gc(agb)d ab Cd)a 0Zd 50 (22)

several termscancel and we yet

6L = — 2T (iv/=g + 3Bg) ¢*°8,62, 6 — 3ATV—hg®3.07,1'66
+T(i + gA)e“"C(?JZ,,ZC 60 —3BTv/—he%°3,04,2,.1'60 (23)

which will be proportional to (1 — I*)é4 if

34vV—h = —2i\/—¢g — 6Bg

3BV-h=1+ gA (24)
whose solution is
A=— Zz \/—g
3\/—+\/
)
B == 25
3 ~_+\/a (25)
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Combining (23) and (25}, we finally obtain

6L =T

: m(f“'”aaﬁ b2, — 2v/=99%3.02,)(1 - T")68  (26)

which has the desired form and vanishes given by (14).

If we collect all the terms, we obtain that the variation o the metric tensor is
given by
2 -y
§(J= aby . _ <t /- 3C(“ bd _ “"C‘iao

(\/ qqg ) 3 \/___*_ \/'——{ ( g ) Z

+ (glocie 4 G+ 077,

a (a ce 1 cd(a _b)e P
+ VTR — a0 — e 007,74, o0
(27)

In conclusion, we have discussed an aternative way of obtaining the off-shell
k-symmetry for supermembranes by means of a projector operator. We observe
that the transformation for the metric field given by (27) has a different expression
o the corresponding one presented in ref. 7. Thisis an acceptable result since the

initial transformations for the theta field are not the same in both cases.

Appendix
We present here the convention and some identities which we have been used
through this paper.
av = diag.(-1,1,---1)
Signature o gg = (=, +,+)

ez =1

1
{’7""7'/} = 2”1“” [’71&7 '711] = Erﬂu
gabecde — -;_ga[cede]b
e def . g (ga[dy[b|egf}c —g dglb]f e]c)
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Resumo

A verificagdo da simetria kapa “on-shell” para supermembrana é geralmente
feita por meio de um operador de projecdo. No caso "off-shell” (agdo tipo
Polyakov), esta verificagcdo é mais delicada e a que é encontrada na literatura
néo faz uso de tais operadores. Neste trabalho, mostramos que a simetria kapa
“off-shell” pode também ser obtida por meio de um operador de projego.
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