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ABSTRACT

We obtain H = 2 supergravity theory coupled to N = 2 matter by-

truncation of the H = it theory in seven dimensions. The truncated theory

possesses global CJLt^.R} ® local composite SO(I+) invariance. We then

gauge the global BO(M subgroup of CL U . R ) , and preserve the composite SO{lt)

symmetry, following the method of de Wit and Ninolai in <3 = h. The

resulting action has a potential which contains all ten scalars of the theory.

•She single second rank antisymmetric tensor field in the theory has a

generalized field strength, which contains the Chern-Simons 3-form.

MIRAMAKE - TRIESTE

March 19-83

1. In a previous paper we constructed the maximal supergravity theory

in seven dimensions ( i . e . K = h, with 128 + 128 modes). The theory possesses

global SL(5,R) symmetry which acts on the bosons, and a "local" USp(U) ~ S0(5)

symmetry which acts on the fermions. We conjectured that the global S0(5)

subgroup of the SL{5,R) could be gauged, leaving the oomposite local S0(5)

invariance intact . This is similar to the gauging of the global S0(8) sub-

group of E_ symmetry of d = U, H = 8 supergravity, in which the composite
2lSO(8) group is left intact . The fact that the vector fields of the d = 7,

N = k theory are in the adjoint representation of the global S0(5) group, mates
the similarity to the d = k, B = 8 ease even closer. However, there is an

obstacle in carrying out the gauging of S0(5) in d = 7, due to the presence

of the antisymmetric tensor f ields, which are not singlets of S0(5), but are

in the 5-fold representation of the global S0(5). There is no known technique of

constructing covariantly transforming field strengths for such objects if they

belong to a non-singlet representation of the internal symmetry group.

Presumably a nev type of differential algebra is needed to solve th is

problem.

In this note we consider a truncation of the H = k theory which yields
K = 2 supergravity (containing itO + kO modes) coupled to a three fold of H = 2

matter (which comprises a to ta l of 2k + 2k modes). This theory by-passes the
problem mentioned above since i t contains only a singlet .antisymmetric tensor field.
The theory possesses global GL(lt,R) <£> local composite SOt1*) symmetry. The
vectors form an SO(t) anti-self dual t r ip le t in the supergravity sector,as well as
an SOCO-self dual t r ip le t in the matter Bector. Our main result is the gauging

of the S0{3) ® S0(3) sS0(10 global subgroup of the GL{(t,R}, in which ^

and S0(3) T are associated with the anti-self dual and self dual triplets of

the vectors, respectively, which leaves the composite SOCO invariance inject.

(The gauging has been carried out with the same coupling constant _, both for

S0T(3) and S0TT(3).) Our method follows closely that of de Wit and Nicolai,

and our results are similar to those obtained by them for the gauged W = 8.

However their results are for four dimensions, whereas ours are for

seven dimensions.

In Sees.2 and 3 we rewrite the N = h theory in a notation appropriate

for the truncation to N = 2, which is carried out in Sec.lt, while the gauging

of the H = 2 theory is carried out in Sees.5 and 6. Our index conventions

are: for the N = h theory, M,N = 1,...,5 are curved SL(5,R), A.B = 1,...,5

are flat S0(5), o,B = 1,...,U are curved USp(*4) and a,b = 1 k are flat

USp(l*) indices. For the N s 2 theory, u,B = 1,... ,k are curved GL(lj,R) and

i,J = I,...,1* are flat S0(M indices. The SOCO spinorial Indices a,b = l,...,

will often be suppressed. We use the signature (+ - - - - ) .

• To be submitted for publication. -2-



2. In order to perform the truncation of the H = k theory down to ii = 2 ,

i t i s 13631 to rewrite the JJ = k tneory in i manifestly .SL(5,i-i, <& SOt^l in-

variant form. To th i s ef fec t , we maice use of the It x U matrices which obey

the S0(5) Clifford algebra •0

= 2 n

AB
( 1 )

9O,/2

MM
S12

u AB £ u v p 2

MHMH .

w v o M O X T l f K "
A T N

( 2 )

Our convention for the suppressed indices are such that {y Ct) - (v ) it
a c b A ab A a cb

" lY.J. • Note tha t y Si are antisymmetric, whereas Y.nn s^e
*ab

V • • J ,1 / • • * I A * i i w v uiLau r . • •

symmetric * ) . Using these matrices we redefine the fields of the H = 1* theory

as follows :

y '

(3)

A = -A are the ten vectors of the theory, B are the antisymmetric tensor

f i l d hi ! ! 1 ! < ) TA
fields which of SL<5,R). -|TA are the 5-beins associated with the

. det ^ , - 1* They are parametrised
K is

SL(5,R)/SO<5) coset, where

by the lU sealars of the IJ = h theory. xa
 i s the 16 dimensional vector-spinor

of S0(5), which obeys the sympleetlc Hajorana condition ' and the B0(5)

irreducibility condition given by

where

G
UvpM

A typical covariant derivative is:

V A =

- x C

.HS
Ap + 2 (6a)

(6b)

The composite S0(5) gauge fields Q and the covariant derivative

of the sealars are defined by

(xA) = -ro«xA , Y xA = o . (U)
All boson fields are real.

We recall that the raising and lowering of the SL(5,R) indices are

with the metric &«, = ")X, 1?J, n,n , and those of S0(5) with n _.

The supersymmetry transformation laws (Eq.{l3) of Ref.l) transcribe as:

3, Using the t r a n s c r i p t i o n given in Eq.{3) in the H = U theory we

can rewri te the Lagrangian (E<i,{l2) of Eef . l ) as follows (pc = l ) :

•) Our antiBymmetrizations are always with unit strength, e.g.

TAB = 2 [ T A' T B ] *

-3 -

2

(7)

As a check, we have re-established the invariance of (5) (up to the total

derivative and quartic fermion terms) under (7).

- I 4 -
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h. In order to obtain the U = 2 theory, ve require the consistent

truncation of the supersymmetry transformation laws (i.e. the variations of

the vanishing fields must also vanish) in such a way that the SL(5,R) © S0(5)

conditions on the fields are taken into account. We find that this leads to

a truncation scheme which retains

xk = xk
. k

Sli " |j = (det (8)

This set contains g^ + g^ modes. The multiplet they form is not

irreducible under supersymmetry. It splits into a pure N = 2 supergravity

multiplet which consists of Uo + 1*0 modes

V *•
and the H = 2 matter multiplet consisting of 2U + 2U modes

(9)

(10)

where y *k = 0 and det £.* = 1 Note that the vector fields contained in

the supergravity multiplet (and the matter multiplets) are anti-self dual

( and self dual).

We can now obtain from (U) the N = 2 Lagrangian in terms of the fields

given by (9) and (10). If ve wished we could have dropped the matter multiplet

at this stage and gauged 30(3^ associated with A l J" only. However, in this

note we shall take'the'advantage of the global GL(lt,R) (and hence S0(U)) in-

variance of the total system and gauge S0(3)x ® S0(3) ~SO(lt) with equal
*) I II

the set of fields given "by (8); namely: g , i|i , B , A *', x

coupling constants . It is therefore more appropriate to work with

1 * ' x k aM I?

In this- way, one treats the gravity and matter fields, in particular the six

vector fields, on an equal footing. Note also that j^ 1 now is associated

with the GL(lt,R)/SO(lt) coset. In terms of these fields, from (5), we obtain

the ungauged M = 2 Lagrangian with 6h + 6U modes as follows1.

•) tfe have not investigated if SO (3) could be gauged with a different

coupling constant from SO (3), though we believe this should be possible.

(11)

P = n±J P .

= l,...,h are the composite local 60(1*) Indices.

We recall that o,8 = 1,—,4 are the global GL(U,H)where

and i,j

obtained simply by the restriction of the corresponding S0(5) objects

\

and are

P

The field strength for B y v is
yv

+ \and ftj
Hate that 6 is a constant tensor of SO(U), and the FA term contains

the matter as well as gauge vectors, in the form (FA - F A ) . The super-

symmetry transformation laws are to be obtained from (7) and read-.

where

(12)

2)
5. As has been emphasized lay de Wit and Nicolai , in gauging the global

symmetries of supergravity theory with scalars,it la important to preserve the

composite local symmetries of the theory. In this way, the construction of

the gauged action with non-polynomial scalars becomes dramatically simplified,

as we shall see below. Thus, in accordance with the procedure of Ref.2 we

shall be gauging the-global SO(U) subgroup of GL(fc,R). W e beSin *>V covarian-

tizing the field strength F in the standard fashion

- g (13)

-6-



The contraction in the AA term is with n ^ ; thus,evidently,we are giving

up the full global GL(lt.E) invariance, while maintaining the global SO(IO

invarianee.

The next step is to covariantize G . In order to preserve

as much as possible the supersymmetry of the ungauged action, it is desirable

that the antisymmetric curl of the new G be of the form f 2 and thus

gauge invariant. This situation is not new and has been encountered

before, by Chapline and Manton 5 ) in their construction of the U = 1 supergravity

coupling to a Yang-Mills multiplet in d = 10, who made use of the Chern-

Simons 3-form to secure gauge invariance. Adopting a similar approach we

find the appropriate modification for our theory to be:

uvp

This satisfies

9 B + i
JJ vp 2

ir c,
[o rfv

3 vi v p

+ 2 perms .

(HO

po ] (15)

The next step in the gauging process is to covariantize the derivative

which acts on the scalars. Consequently,

where and

This is the analogue of the T-tensor that was

S0(8) supergravity in d = k in Ref.2.

(19)

encountered in tlie i .̂tuging of

6.

transformation laws given by (12), we now replace F by
For the gauging of SOCO, in the Lagrangian given by (11) and in the

ag
uv

G hy

Q- 5 P • i ^y P • i an(i 3 • < (which appears in the covariant derivative
of the fermions) by Q . . This procedure violates supersymmetry for the
following reasons. Although, a l l the previously vanishing variations of the
Lagrangian will simply covariantize, and thus s t i l l vanish, new,non-vanishing
variations which are proportional to g Mill be generated, due to the fact
that the fundamental SOCO gauge fields now appear in the covariant derivative
of the scalars (Eq..(l6)) and furthermore there are g-dependent terms In
Eq.(l6), The terms we encounter are the following:

i) From the variation of

we obtain

in the scalar kinetic term (i.e. P )

Vx, -SrVxJ) . (20)

(16) ii) The variation of in "the Yukawa term (i.e. in P'>x) yields

where Eq.{l6) defines and Clearly,V A£ = y L A ny(S . Eq.{l6) defines P and Q
these depend on both the vector fields and the acalars. From (16) one can

define the local SO CO ® composite local 30(4) covariant derivative as
follows:

From(l6) and (17) one finds:

(17)

(lBa)

, (18b)

(21)

where we have used (l8a).

i i i ) Finally, the variation of 4> in the Yukawa term gives

where we have used (l8b).

(22)

I t is not difficult to arrange the cancellation of these new terms

by adding to the Lagrangian terms which are quadratic in spinor fields and

linear in the T-tensor, However tlie supersymmetric variations of :such terms

as a by-prodjct will produce further unwanted terms.

- 8 -
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The procedure to handle this problem is by now well known: In addition

to all possible quadratic fermion terms, one adds a potential which is

proportional to g T , as well as terms to the fermionic supersymmetry trans-

formation laws which are of the form gT. The coefficients of these

modifications must then be fixed by the requirement that all the g-dependent

terms that arise from the new and old variations of the total modified action

vanish. In this way, we have found that the S0(4) gauged action of N = 2

theory is given by

given

-» P ; Q 0) * £g , (23)

V"1

(21*)

where T - T^ „ . The supersyrametry transformation laws read:

(F +

s
where 6Q i 3 g l v e n T,y Eq. (12) and 6 is given by

6

where

yields

1,...,7. This is a remarkable equation because it automatically

= (3) (28)

where, we recal l that , " ^ is assumed a constant. Thus, (28) means that , d = k

spaee-time i s Riccl flat (e.g. Minkowski) and the internal space is a. t h ree -

dimensional compact constant curvature space (e.g. 3-sphere). Unfortunately

however, although the B ^ and A a field equations are solved as well by

the above ansatz, the scalar field equation is not sat isfied, because i t gives

(29)

It is not difficult to show that Eq.(29) cannot be fulfilled. Note that

Eq.(27) implies that compactification on S 1 x E or S 1 x S 1 x S 1 are

not possible either. More elaborate compactification schemes will be discussed

elsewhere.

After this paper was written, we received a CERN preprint by

P.K. Townsend and P. can Nieuwenhuizen who have considered d = T, pure

N = 2 supergravity multiplet (without matter) and gauged the associated

S0(3) symmetry group. These authors have worked with the third rank anti-

symmetric tensor field as opposed to the treatment in this note which uses

a (dual) second-rank antisymmetric tensor field B .

EEFEREHCES

7. In th is section, we 3hall briefly discuss the issue of spontaneous

compactification in our theory. Assuming that the background spinors.

vector f ie lds , as well as
dlJV and vanish while -vfl' are constants

and W =• e *$*~ £ where m = 5 , 6 , 7 , c i s a constant and e = (-det g}31)
£mnp nmp Tnn

we have found t h a t t he Eins te in equat ion, toge ther with the other equations

of motion. implies

1) Abdus Salam and E. S e z g i n , Phys. L e t t . l l 6 B , 359 (1982) .

2) B. de Wit and H. H i c o l a i , CERU p r e p r i n t TH.3291 (1982) .

3) P . van Mieuwenhuizen, CERTT p r e p r i n t TH.3*»99 (19SS).

I4) T. Kugo and P . Townsend, LPTEHS 82 /21 p r e p r i n t ( I 9 8 2 ) .

5) G.F. Chapl ine and U.S . Manton, Santa Barbara p r e p r i n t NSF-ITP-82-85

( 1 9 8 2 ) .

(27)
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