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Canonical formulation of N=2 supergravity in terms of the Ashtekar variable
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We reconstruct Ashtekar’'s canonical formulationNof 2 supergravity SUGRA) starting from theN=2
chiral Lagrangian derived by closely following the method employed in the usual SUGRA. In order to obtain
the full graded algebra of the Gauss U(1) gauge and right-handed supersyni8ig8Y) constraints, we
extend the internal, global O(2) invariance to a local one by introducing a cosmological constant to the chiral
Lagrangian. The resultant Lagrangian does not contain any auxiliary fields in contrast with the two-form
SUGRA, and the SUSY transformation parameters are not constrained at all. We derive the canonical formu-
lation of theN=2 theory in such a manner that the relation with the usual SUGRA is explicit, at least at the
classical level, and show that the algebra of the Gauss U(1) gauge, and right-handed SUSY constraints form
the graded algebra32SU(2). Furthermore, we introduce the graded variables associated witG48&)(2)
algebra, and we rewrite the canonical constraints in a simple form in terms of these variables. We quantize the
theory in the graded-connection representation, and discuss the solutions of quantum constraints.

PACS numbd(s): 04.65+¢€, 04.60.Ds

[. INTRODUCTION at the level of the canonical formulation. On the other hand,
. . . in Ref. [10] the canonical formulation of BF theory as a
A nonperturbative canonical treatment of supergravityygpiagical field theory{12] was derived for an appropriate

(SUGRA) in terms of the Ashtekar variablgl] was first  graged algebra of SU(Zwhich henceforth will be referred
discussed about the Slmpl%t: 1 theory in Ref[Z] In this to asGZSU(Z)z fo”owing Ref. [10]], and it was shown that
theory the chiral Lagrangian was constructed by using a selfthe G?SU(2) BF theory subject to some algebaic constraints
dual connection which couples to only a right-handed spincan be cast into thdl=2 two form SUGRA.
3/2 field, and this Lagrangian has two kinds of right- and In this paper we reconstruct Ashtekar’s canonical formu-
left-handed supersymmetfUSY) invariances in the first- lation of N=2 SUGRA starting from theN=2 chiral La-
order formalism. Therefore, two types of SUSY constraintsgrangian derived by closely following the method employed
which generate those SUSY transformations, appear in thia the usual SUGRA. In Sec. Il we present the globally O(2)
canonical formulation. Hap [3] and Armand-Ugoret al.[4] invariant Lagrangian oN=2 chiral SUGRA slightly modi-
showed that ilN=1 chiral SUGRA the SU(2) algebra gen- fied from the Lagrangian in Ref14]. In order to obtain the
erated by the Gauss-law constraint is graded by means of tHell graded algebra of the Gauss U(1) gauge and right-
right-handed SUSY constraint. All the constraints were alsd'anded SUSY constraints, in Sec. lll we extend the internal,
rewritten in a simple form ifi4] toward a loop representation 9lobal O(2) invariance to local one by introducing a cosmo-
of quantum canonical SUGRA, by using a graded connectioffgical constant to the chiral Lagrangian. The resultant La-
and momentum variables associated with the graded algebf§@ngian does not contain any auxiliary fields in contrast
which is called theGSU(2) algebrg5].> Furthermore the With two-form SUGRA, and the SUSY transformation pa-
spin network statef5] of SUGRA was recently constructed rameters are not constrained at all. In Sec. IV we derive the

in Ref.[7] based on the representation of this graded algebr&@nonical formulation of thél=2 theory in such a manner
The extension of the Ashtekar’'s canonical formulation tothat the relation with the usual SUGRA becomes explicit, at

N=2 extended SUGRA was mainly developed in the conJéast on a classical level, and we show that the algebra of the

text of the two-form gravity8—10]. The chiral Lagrangian ©Gauss U(1) gauge a2nd right-handed SUSY constraints form
of N=2 SUGRA was constructed in Refg8,9] based on the graded_ algebrai SL_J(2). In Sec. V we introduce the
N=1 two-form SUGRA[11], with auxiliary fields which are graded variables associated with 188SU(2) algebra, and
needed to write the chiraltwo-form) Lagrangian: It was rewrite the canonical constraints in a simple form in terms of
proved that the SUSY algebra is not closed at the level of€se variables. We quantize the theory in the graded-

transformation algebra on auxiliary fields, but actually closeonnection representation, and discuss the solutions of quan-
tum constraints in Sec. VI. Our conclusions are included in

Sec. VII.
*Email address: tsuda@sit.ac.jp
TEmail address: sirafuji@post.saitama-u.ac.jp
YIn Ref.[7] it was pointed out that the algebra 6SU(2) corre- 2The algebra 0fG?SU(2) corresponds to the super Lie algebra,
sponds to the super Lie algebra, Qsp). Osp2/2) [13].
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II. GLOBALLY O (2) INVARIANT LAGRANGIAN

First, we present the chiral Lagrangian of tiN=2

SUGRA constructed in Ref14]. The independent variables

are a tetrae!, , two (Majorana Rarita-Schwinger fields!),
a Maxwell fieldA,, and a(complex self-dual connection

A{) which satisfies (1/23;A{) =iA{") ® TheN=2 chi-

ral Lagrangian density in terms of these variables is written

in first-order form as
i

£l e Rl - e T, DL )

e 1 .
— —(FUN24 —— yre(Frr+ Frry
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+iys(FAr+ Frr) gD e

i
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(2.2)

which is globally O(2) invariant. Here denotes deE("M),

N =— DO and FIuri=(1/2) (F#*+ie *F#*), with

Frr= (1/2)e*""?F ,, . The covariant derivativ@if) and the
curvatureR()W | are

i y
()i + L ADG
D{i=0,+ 5 Af,)S),

ROV =2 (g A+ ACH L ACKE
(2.2

while IEMV in the second line of E¢2.1) is defined as

1
— =My Q)
w,u, l//l/ € "

V2

Note that we have usedF(;,)? as the Maxwell kinetic term

(2.3

in Eq. (2.1), which allows us to rewrite the canonical con-
straints in terms of the graded variables associated with the

graded algebraG2SU(2), aswill be explained later. In this
respect the chiral Lagrangian of E@.1) differs from that
constructed in Refl.14].

The last four-fermion contact term in E.1) is purely
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first two terms in Eq(2.1), then those terms give rise to a
number of four-fermion contact terms which are complex,
with the imaginary term being written as

[
vpo A
geﬂ P T)\,U.VT po
i
— = e P IR TR YOV O,
(2.9
where the torsion tensor is defined 'ﬁyw= - 2D[MeiV] with

D,e,=d,e,+A' e, . The last term in Eq(2.1), on the
other hand, can be rewritten as

i
g GMVPU(EI(_I;)L w,(RJg)Z(R};) (p(LIg E(I)(J) E(K)(L)

i
s T I TR P OO0

(2.5

by using a Fierz transformation, and exactly cancels with the
pure imaginary term of Eg. (2.4). Therefore,
£{),[second orddrof N=2 chiral SUGRA is reduced to
that of the usual one up to imaginary boundary terms; that is,
we have

£2,[second orddr
= Ln=2 usual sucrAS€cONd order

1 .
- Zaﬂ{e‘“’”"(@)'ypwg)-l— 2iA,9,A,)}. (2.6)

Note that a boundary term quadratic in the Maxwell fialg
appears in Eq(2.6), since we chooseR(;,))? as the kinetic
term in Eq.(2.2).

IIl. GAUGING THE O (2) INVARIANCE

The global O(2) invariance of E¢2.1) can be gauged by
introducing a minimal coupling fop{; andA,,, which au-
tomatically requires a spin-3/2 masslike term and a cosmo-

imaginary, but this term is necessary to reproduce the Lalodical term in the Lagrangiafil5]. These three terms are

grangian of the usudll=2 SUGRA in the second-order for-

malism. Indeed, if we solve the equatiot |-,/ SAT) =0

with respect toA(’),

SGreek lettersu,v, ..., are space-time indices, Latin letters

i,j,... arelocal Lorentz indices, and),(J),...[=(1),(2)], de-
note O(2) internal indices. We take the Minkowski metrjg
=diag(—1,+1,+1,+1) and the totally antisymmetric tensey,
is normalized asy 5= +1. We definee,,,,,, and "7 as tensor
densities, which take values ef1 or —1.

and use the obtained solution in the

written as

A
Leosni= 2 € VPUE(MI) Yo l//SIJ)AO'G(I )

— PixesNgur,,0) 2
V2ineyl)sHryl) +6a%, (3.0
with the gauge coupling constant Here the cosmological
constantA is related ton as A=—6\2. Note that the first
term of Eq.(3.1) is comparable to the kinetic term (ﬁ&'; in

Eq. (2.1), since this term can be rewritten as
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N
5 Eww@(ﬂ') ‘ypl,bg,‘])Agé(')(‘]) =\ E#VPUJ(F;L Y, lﬂ(RJzAaf(l)(J)-
(3.2

We denote the chiral Lagrangian as the sum of E2i4) and
(3.2); namely,
LD=r F\l+:)2+ Leosm- (3.3

Because of Eq(2.6), £(™) of Eq. (3.3 in the second-order

formalism is invariant under the SUSY transformation of the

usualgauged N=2 SUGRA[15] given by
sel,=ialy g,
A, =200y,
5y =2{D [Ae, ") ]~ N DA, o}

2

[ R .
+Ee(')”) Fuy'+ 5€€u,0F v s a

_ \/Ei)\')’,ua(l)y

(e,y") in 8y{) being defined as the sum of the
(e) andK which is ex-

(3.9

Ricci rotation coefficientsA
pressed as

iju iju

i
_ | | | | | |
KiiM_Z(EEi)7|M‘¢J(])+Efi)’ym{//EL])_E%I')’Y“‘(//EL]))' 3.9

On the other hand, the first-ordére., off-shell”) SUSY
invariance ofZ (*) may be realized by introducing the right-
and left-handed SUSY transformations as in the cash of
=1 chiral SUGRA[2,16].

IV. CANONICAL FORMULATION OF N=2 CHIRAL
SUGRA

Starting with the chiral Lagrangiad (*) of Eq. (3.3), let
us derive the canonical formulation bf=2 chiral SUGRA
by means of the 831 decomposition of space-time. For this
purpose we assume that the topology of spacetiinis 2,

X R for some three-manifol@., so that a time coordinate

functiont is defined onM. Then the time component of the

tetrad can be defined s
ej=Nn'+N3e,. (4.1

Here n' is the timelike unit vector orthogonal te,, i.e.,
n'e,,=0 andn'n;=—1, while N and N? denote the lapse

function and the shift vector, respectively. Furthermore, we1

give a restriction on the tetrad with the choicg=
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Eq. (3.3). Once this choice is made,, becomes tangent to
the constant surfaces®, andey,=0. Therefore we change
the notatione;, to E;, below. We also take the spatial re-
striction of the totally antisymmetric tensa**” as €2°°
:=€2P°, while €= elX .

Under the above gauge condition of the tetrad, thel 3
decomposition of Eq(3.3) yields the kinetic terns

(+) =

Ekin E?Ala_;'(l)Aa';D(l)Aadl' +;.aAa1 (4-2)

where A'y:=—2A) ! and (#(),@, 772 are defined b

- st : A
M2 ~suOA = —\2i P BN paipnr, (43
P
- oLt _
Jr71'6‘ = : = ’7Ta+iBa, (44)
oA,
with
%a‘zwqab{z(Ftb_N Fap)
_\/E(Et(l)dlg)_Nd%l),/,gJ))e(l)(J)}
i
_ Eabczg)ysl/,(cJ)EU)(J), (4.5
Ba 1 abc
B =5€ Foe- (4.6)

In EqQ. (4.5 the Majorana spinor&ﬂ) are used for simplicity.

On the other hand, the constraints are obtained from the
variation of £ (*) with respect to Lagrange multipliers. Here
we raise, in particular, the Gauss U(1) gauge, and right- and
left-handed SUSY constraints expressed by canonical vari-
ables as follows:

SFor convenience of calculation, we use the two-component
spinor notation in the canonical formulation. Two-component
spinor indicesA,B, . . ., andA’,B’, ..., areraised and lowered
with antisymmetric spinors® ande,g, and their conjugates® &’
andep g/, such thaty”= "By and o= ¢ epg. The Infeld-van
der Waerden symbobriaa: is taken in this paper to beog, o))
=(—i/y2)(1,7) with 7, being the Pauli matrices. We also define
the symbolo, ,® [which is called the SU(2) soldering form in Ref.
by using n*A'=n'g*  as g \P=— V2igaan®A

:(i/\/i)(TI)AB-

(=1,0,0,0) in order to simplify the Legendre transform of 6rhe gerivative for fermionic variables is treated as the left de-

4Latin lettersa,b, . . .
cesu,v, ..., andcapital letterd,J, . ..
the local Lorentz indicesj, - - -.

denote the spatial part of

are the spatial part of the space-time indi-

rivative, unless stated otherwise.
"We note that the" 772 appears in Eq94.9), (4.9), and(4.10. If

we use FM)2 as the Maxwell kinetic term in E¢(2.1), 7 (and

*7®) will appear in Eq.(4.8), and it is not possible to rewrite the
canonical constraints in terms of the graded variables.
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SL () _ _
G i=——=DEf— —7", 20 gyVB, =0, (4.7)
. %
oL - ~
gim— = da A POAED 20 0=, (4.9
t

y oLt ~ 1 - ,~ ~
"SR = ggmA = Dam a7+ f T YO8 eppeV D+ N(2IE 0! a8~ 7)) =0, (4.9

y o oLt b 5 i -

LSE\’:W = —\2E{ES(0'07) A°| 2(Datf %) — Ny D)) eg et E)\fabcﬂ'(l)sc
U 1 ~
+ EEfzfdeffagh(o'lU'JU'K(TL)ABG(I)(J)EfESEﬂEEW(J)Bd fabc[ Fpet Efco(lﬂ(K)wa(L)Dc)E(K)(L)] +it7?| =0,
(4.10
|
. . | q ~

where the Lagrange multipliers; and p"4, are defined by (A0, " 70(y)} = 25%(x—y), (4.14

_ | ’
Ab==2A0) ! pOAE- T A (4.10)

and the covariant derivatives @ are

'Da~E?:: &a~E?+ | €|JKAJaEKa,
~ ~ i ~
D=0 A (412

The left-handed SUSY constraint of E@..9) is not polyno-
mial because of the factdf 2, but the rescale@?(*S{’)
becomes polynomial because

B2 7 eapoe VEFELEL 413
The above canonical constrair(esxcept for the Gauss con-
strain) have expressions different from those for the-2
two-form SUGRA[8,9]. This seems to originate from the
difference in the definition of momentum variables, in par-
ticular the momentum conjugate to the Maxwell field.

Now, by using the nonvanishing Poisson brackatsong

the canonical variables,
{A0),E (y)} = 85658%(x—y),

{p0%00, 70 (y)} = = 6D 55026%(x—y),

8The Poisson brackets are defined for canonical varialjep;|
by using the right and left derivatives as{F,G}
= [ d°2[ (8°F/59'(2))(8"G/ 6pi(2)) — (— 1)'I(87F/ 5pi(2)) (8 G/
89'(2))] with |i|=0 for an even(commuting q', and|i|=1 for an
odd (anticommuting q'.

06402

we show that the Gauss U(1) gauge and right-handed SUSY
constraints of Eqgs.4.7—-(4.9 form the graded algbra,
G?SU(2). Infact, if we define the smeared functions

GIA":= f2d3x NG,

gla]:= Ld“"X ag, (4.15

ng)[f(l)A] = fzd?»x g(I)Ang)

for convenience of calculation, the Poisson bracke§, of,
and RS{) are obtained as

{GIA'], GIT I =G[A"],
{GI[A'], glal}=0={g[al, g[b]},
{GIA'], RSQLEMAY=RsRre A, (4.16
{ofal, "SRTEMF=A"SRIe0",
{RSQLEMA, RSP[7IB}=NG A" ]+ga'],
with the parameterd "', A", &' (VA ¢"A "anda’ defined as
AV =i KAy,

AH| :=2j g(l)Aﬂ(J)B(TlAB(S(I)(J),

gl(l)A:= Alg(l)BU|BA. (417)

\2
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g”(l)A::_ag(J)Ae(l)(J)' 0 0 1 O
10 N[O 0 0 O 54
1 “V5ialo 1 0 o) :
a’ i gDA B, ()0) V2
2 0 0 0O
The algebra of Eq(4.16 coincides with the graded algebra, 0 0 0 O
G?SU(2), which was first introduced in Ref.10] in the _
AN [0 O O 1
framework of BF theory. JP=[—i '
J210 0 o0 o0
V. GRADED VARIABLES ASSOCIATED WITH G2SU(2) 100 0
ALGEBRA
0O 0 0 1
In N=1 chiral SUGRA, the graded variables GSU(2) 00 0 0
was introduced based on the graded algebra which is satis- j(2) li
fied by the Gauss and right-handed SUSY constrdiBy4. 2 J210 0 0 o
These graded variables simplify the expressions of all the 0100
canonical constraints, and therefore it becomes easier to find
exact solutions of quantum constraifity. 000 O
In order to introduce the graded variablesGASU(2) in
N=2 chiral SUGRA, let us define the generators T 000 O
& %o o0 o0 -1
3i:=(J1 30 Js), (5.2) 00 1 0
which satisfy the same algebra as that of the constraints  The supertracgl8] of the bilinear forms, STi;J;), is given
by
Cf==(g| vRSa !98)! (52) 1
| N STr(Jh]J):E(Su,
where £S,,gg) stand for £S4),g), and the index runs
over (I,a,8), with a:=(I)A. That is, we suppose thak 1 (3 0
satisfy theG2SU(2) algebra ST(JQJ5)=STKJX)JE))= V2N epps,

A — 2

[3, 35} = 5% CERE

. STr(J,Jd,)=0=STnJ,Jg)=STr I Jg), (5.5

with fﬁk being the structure constant determined from Eq.

(4.16. The fundamental representation of this algebra iswvhere the supertrace for@?SU(2) matrixM is defined by

given by STr(M)=M 11+ My—M33—M,,. We introduce the metric
gij for G2SU(2), which is of block-diagonal form, by

01 0 O 0O -1 0 O e 5
4100 0 di o0 o o gij=2 ST J;J))=(dy3, 2\/5)\6A55( ) 4AN?). 56
17210 0 0 o' 272l0 o o o
000 0 0 0 0 0 Here we nomalizeg;;, so that the conditiorg,;=d,; be
satisfied. The inversg'l is given by
000 ij e
| o3 _ AB s(N(J) _—_
J_Eo—loo g 5’2J§>\65 ) (5.7)
2o o o0 o .
0 0 0 0 We shall Igwer or raise the inddﬂxby usinggi; ancdg'J;TFor
example,J' with the upper index is defined byJ':=g"J;.
00 0 o0 As is seen from Eq(4.2), the sets of the fields,
(1) N 00 -10 Aia‘:(-Alaa waa‘:‘ﬂ(l)Aa- Ag‘:Aa)- (5.9
TWENEl 1 0 0 of
00 0 O ga=(E?, -7 =—7",2, "78="7%), (5.9
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play the role of the coordinate variables and their conjugate VI. QUANTIZATION IN THE GRADED-CONNECTION

momenta, respectively. We shall refer. b, and&? as the

graded connection and the graded momentum, respectively.

Now let us define the graded variabldg and&2:

Aa= Ay, B=FRd (5.10

Then the kinetic terms of Eq4.2) are expressed asa S|mple
form, 2 STrE®A,), due to the relation STﬂ(J )= (1/2)6

Furthermore, we can show that the divergencé&®tan be
rewritten as
D,E%:= 0,2+ [ Ay, &8 =10, EaJ +A' a[J, ,J } C; J
(5.11

Therefore, the Gauss U(1) gauge and right-handed sus¥

constraints are unified into tt®?SU(2) Gauss law

D,&=0. (5.12

The left-handed SUSY constraint can also be expressed tg)

using the graded vanabIeSL' and&;?, as in the case o
=1 chiral SUGRA[4]. Indeed,"S{ of Eq. (4.10 can be
rewritten as

LSQ):)\—l(C(u) ?ike c"gfa'éfb

X (Bie+ 2IN%E:8) =0, (5.13
whereC" ik andc®,Imniik are defined by
(1) Wa,_ 1 3) BsHQ),
CYa (0' o)p 0 (5.19
i
C(I)ALMNIaszz_Z(O_LO_MO_NO_I ABe(I)(J), (5.15

while all other components vanish, and the signatutes
the parentheses of E¢.13 are taken to bet- for RfI,S
and — for R=a; In Eq. (5.13 we have also define§'® as
B'3=(1/2)e®*°F ., with

f‘fab==20[aAib]+f]&iAiaARb

= flab"'Zi)\‘//(l)A[ao'l\AB\w(l)Bb]
2(Dpatp VP = NA Iy DO,
1 (DA 4B Ol

Fapt EGAB('p ¥ py) € ,

(5.16
Wheref‘ab==219[aAl b] +i éljkAj aAkb .

REPRESENTATION

In this section, we consider the canonical quantization of
N=2 chiral SUGRA in the graded-connection representa-
tion: That is, quantum states are represented by wave func-
tionals W[.4], and operators of the graded variables

(ﬁ?a ,?I;a) act onV[ A] as[18]

A W[A]=A W[A], E*V[A]=7F] 5—}@[,4], (6.1)

where the signatures in front of the derivativé/ QAia) are

taken to be— for i=1,8, and+ for i=a. In N=1 chiral
SUGRA [4], there are two main results about solutions of
uantum constraints in the graded-connection representation
of GSU(2), as in thease of pure gravit}19,20. One result
is that with a factor ordering of the triads to the right, Wilson
loops of the graded connection are annihilated by the quan-
tum Gauss and right-handed SUSY constraints, and also an-
jhilated by the quantum left-handed SUSY constraint for
ooth loopgwhich do not have kinks or intersectign¥he
other result is that with an ordering the triads to the left in the
left-handed SUSY constraint, an exponential of the Chern-
Simons form built with the graded connection solves all
guantum constraints with a cosmological constant.

Let us examine quantum constraints for the above two
cases inN=2 chiral SUGRA, for which the left-handed
SUSY constraint of E¢5.13 involves a nonpolynomial fac-
tor E~2, like the Hamiltonian constraint in the Einstein-
Maxwell theory in the Ashtekar variab[d7]. First, we con-
sider Wilson loops of the graded connection @¥SU(2),

WV[A]=ST{Pexp( 3& dyaAa(y)) . (6.2
Y

where the path ordered exponential is used, andenotes
loops onX. The Wilson loops of Eq(6.2) are G2SU(2)
invariant, so that they are annihilated by the quantum
G?SU(2) Gauss laWEq. (5.12)], and for smooth loops they
are also annihilated by the rescaled left-handed SUSY con-
straintE?(~S{’). However, if the rescaled constraint is to be
equivalent to the original constraint, then K6.2) fails to be
a solution inN=2 chiral SUGRA, as stated in Refl17]
since the operatde? annihilatesw,[ A].

Second, we consider the exponential of the Chern-Simons
form built with the graded connection G&?SU(2):

Ved Al=ex ! dS‘Xealbc
¢ S 2\?

2
X STr( AadpAct FAaApA, } . (6.3

This is an exact state functional that solves all quantum con-
straints ofN=2 chiral SUGRA: In fact, Eq(6.3) is annihi-
lated by theG2SU(2) Gauss law because of GESU(2)
invariance for¥ 4 A], while it is annihilated by the quan-

064020-6



CANONICAL FORMULATION OF N=2 SUPERGRAVITY ... PHYSICAL REVIEW D 62 064020

tum left-handed SUSY constraint for E€5.13, with the  U(1) gauge and right-handed SUSY constraints. We have

factor ordering of the triads to the left; that is, also rewritten the left-handed SUSY constraint in terms of
the graded variables. Based on the representation in which
LS c 2 the graded connection is diagonal, we have examined the
WV ed Al= - X | Bif+ 2\ . Ved A]=0, g g » We _ :
SA. solutions of quantum constraints obtained Ni=1 chiral

(6.4  SUGRAT[4], namely, Wilson loops of the graded connection

] ‘ e W,[A], and the exponential of the Chern-Simons form built
since 6/ A" ) WV cd Al=(—12")Bi*Ved Al. Wed Al of  with the graded connection?cd A]. If the left-handed
Eq. (6.3 coincides with theN=2 supersymmetric Chern- sysy constraint rescaled W is equivalent to the original

Simons solution obtained in Refs,10]. constraint, then Wilson loops o[ A] fail to be solutions
in N=2 chiral SUGRA, since the operat&® annihilates
VIl. CONCLUSIONS W,[A]. On the other hand, the exponential of the Chern-

In this paper we have reconstructed Ashtekar's canonicapimons form,Wcd A], is an exact state functional that
formulation of N=2 SUGRA starting from thé&l=2 chiral solves all quantum constraints Nf=2 chiral SUGRA. This
Lagrangian, derived by closely following the method em-solution was first derived in Ref[8] in the two-form
ployed in typical SUGRA. We have modified the Maxwell SUGRA, and later given in Ref10] based on BF theory. In
kinetic term as Fﬁfy))z in the globally O(2) invariant La- th|§ paper we h.ave obtalneq the same result starting from the
grangian obtained in Ref14]. In addition, we have gauged chiral Lagrangian, which is closely related to the usual
the O(2) invariance of the Lagrangian, so that we have obSYCGRA. The extension to highéf SUGRA is now investi-
tained the full graded algebr&2SU(2), of theGauss U(1) 9ated.
gauge and right-handed SUSY constraints in the canonical
formulation. The left-handed SUSY constraint has the non-
polynomial factor E"2 as in the case of the Einstein- ACKNOWLEDGMENTS
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