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ABSTRACT

We couple ¢ = 8, K =1 supergravity to n vector multiplets. The ©2n
scalars of the theory parmmetrize the Kahler manifold 50(n,2)/so(n) x so{2).
The n+2 vector fields are used to gauge[S0(1,2) x H)subgroup of 50(n,2)
where H < 80{n-1) and dim H = n-1, It is shown that the theory compactifies
to (Minkowski)6 x & by & monopole configuraticn which is embedded in S0(1,2).
The field equations fix the monopole charge to be +1, which implies a stable,

chirael N = 2 supergravity in d = 6.
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I. TNTRODUCTION

It is well ¥nown that if quarks and leptons are elementary, the
meximel supergravities, d = 11, N = 1 [1], or the chiral 4 = 10, N = 2 (2]
or their direct descendents in lower dimensions, are inadequate as physicgl
theories. To remedy this, one musi consider additional matter couplings.

Two examples are (1) d = 6, N = 2 chiral anomaly-free supergravity inter-
acting with (E6 x ET x U{1)) Yang-Mills plus hypermultipiets [3,4] and

(2) 4 = 10, N = 1, chiral, anomaly-free supergravity interacting with (30(32)
or g x EB) Yang-Mills multipiets £5,6]. The first theory exhibits classical
Minkowski compactification (M  x 8%) to @ = L4, and is the only theory known
to do this [7]. It gives rise to two tachyon-free families of 30{10) [3].

It is not a direct descendent of d = 11 or 4 = 10 theories mentioned

shove.

The purpose of this paper is to provide a third example of matter
coupled even~dimensional supergravity. This is N =1, 4 = § supergravity
couplgd to an arbitrary number of vector multipletsdFor N = 2, d = 8 super-
gravity, see Ref.[8].) Our results are as follows. The 2n scalars
contained in the n  vector multiplets parametrize the Kehler manifold
50{n,2)/sC{n) x 50{2). The n-vectors of the vector multiplets together
with the two vectors of the supergravity multiplet form the n+2 dimensional
representation of S0(n,2) [9]. As in 4 = 4 analogs, it turns out that the
theory has a Kahler invarlance provided that shifts in the Xahler potential
are accompanied by chiral U(l) rotations of the fermions *)[lO]. We can
gauge a subgroup c¢f 50(n,?), using all the (n+2) vector fields of the theory.
The gauge group iz S0(1,2) x H where H < S0{n~l] and dim H = {(n-1)}.

(The supersymmetry of the action Is compatible with a gauge group which has
the Carten-Killing metric of the form (——++...+) = (—+) {++...+}.) Not-

withstanding non-compactness, there are no ghosts [11],

The two non-compach generators of S0{1,2) are reallzed non-linearly.
Using the corresponding non-compact gauge transformations one can gauge awsy
two scalars, thereby giving masses to the two vector flelds of the super-
gravity multiplet [11]. 1In this way, 50(1,2) bresks down to U(1) whieh is
the chiral U{1} symmetry mentioned above., TIts presence is important for
it gives rise to a positive-definite potential which In turn triggers
compactification to (Minkowski)6 X SE, leading to a ehiral N = 2 asuper-
gravity. (This prompts the conlecture that our 4 = 6, § = 2 theory [7]
may be descended from the gauged d = 8, N = 1 theory.)

#¥) In this note we formulate these transformations in a way which does not
involve the Kahler potentiasl explicitly. TFor this see Ref.[10] which discusses
them in d = 4. Cur approach is equivalent to that of Ref.[10].

Any anomalies in the thecry arise due to the chiral U{1} and its

mixings with Lorentz and other gauge groups. However, since the theory has
a two-form field, the Green-Schwarz mechanism [6] for cancelling such

anomelies is available. This and the physicael meodels which may be constructed

will be discussed elsewhere,

I1I. F1ELD CONTENT AND THE SCALAR MANIFOLD

The field content of d = 8, N = 1 supergravity is

(g;? ”%? J X ) E}”w ) 4;‘) 0-) ) i";l (1)

where the gravitine ¢u , and y are pseude-Majorana spinors, that is to
say, [12],

"-C y#*T « cyrc™ (2)

i . .
Buv = _Buu » A“ and the scalar ¢ are real. Taking n vector multiplets

of the form (A,Ap,¢l) and combining them together we obtain

(’i}f.‘i’p.tgw,fﬂi,cﬁx,r) (3)

where I = 1,,.,.,0%2, 8 = 1,sss,0 and a = 1,...,20. Now from the known
examples of matter couplings [9,13,14] we expect thet the real 2n =calars
4% must parametrize the Kahler manifold 80(n,2}/80(n) x 80(2}. In the
ungauged theory, the vectors transformas the n+2 dimensional representation
of the global S0(n,2} while the gauge fermions trensform as the n-dimensional
representation of the local composite S0(n). The S0(2) = U{l)} chiral

transformations will be discussed below.

In order to construet an action for this system we first consider

a typical representative of the coset space 80(n,2)/50(n) x S0{2). A

convenient one is [15)
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where ¢ 1s a n x 2 rectengular matrix, describing the physical scalars
of the theory. Denoting L by LIA, and its inverse by LI from (L)
it follows that

AS

AT A Ay B 17 B
L_‘[ L B EB R LI L]- 7&5: ?IJ", LIA = 7 ?AB LT (5)
where I,A = 1,.,.,042, and

qAa=(—~+++---+)=7n (6)

Eqs.(5) and {6} are crucial for what follows. {Note especially that Ny

is constant [13], and it can be used for raising and lowering the SC{n,2)
indices.) It turns ocut that all the interactions of the scalar fields can
be described in terms of LIA, and its derivatives which occur in the Maurer-

tartan form [16]

b P :
Q ab-y,--on
- a [ !
A, "
‘a = a J ‘,J =L, (7}

AR
Quab = -Quba = Quac §,, is the composite 50{n) connection, while
Qpij = -Qu.ji = Quik ("skj) is the composite SO(2) connection. Often we

shall use the notation Qp12 = (Elu. The off-diagonal parts of the Msurer-
Cartan form, which satisfy Pm: = Puia’ transform homogenecusly under

s0(n) x 80{2)., The leeal supersymmetry of the action, which is constructed
by the Noether procedure [17] and given in the next section, turns out to

require the following covariant derivatives:

9“1‘}? = }Wy +-Lq w/‘r: 3’” WY + '%B", CQ/"WV (Ba)
D/AI = ')?\'X +:—fh.)/.r.s B’HX - ‘;.'Xj (f/' £ {8b)
D/‘Aq,}‘)\l+{;w,ﬂra’”ﬂu +Q/._"A\,+iix,(g,.ilt (B}

One then findg that the action is invariant under the followlng composite

*
chirsl U(1l) transformations )

Sy = Ate) €9 Lrt 54}:-7" LYEOR A
_ 7 (9)
S = LAV HX . SAa = A Ae
From Eq.(7) it follows that
§Qus Y AO) SF}..‘:—M&HFH‘ﬁmJ (10

in the construction of the upgsuged action also importent are the followlng
equations [17]:

DpPyy = v =0 (11a)
1
Pn.lpvm - MY = Q}u’ (Llv)
where qu = BPQ\, - anu.

I11. THE ACTION AND THE TRANSFORMATION RULES

Using 80(n,2) x (s0({n) x so(2)) invariance, and the

global local
A i b

cbjects ]..I Pua M Qua. and Qu , one can now construct the coupling of

n-vector multiplets to N = 1 d = 8 supergravity by the Noether method,

-
The result (upto quarties) is (k = 1} )

#) To make contact with the formulation of Ref,[10] note that
3 ai 1 ai :
Qu = BUQ Au’ Pu gai 8ap where Au is the U(1)

= auq,“ v; s VeV
(Kahler) connection, v:i is the 2n-beln and g, is the metric on
50(n,2)/50{n) x 50(2), end that Au and Bug  Can be expressed in terms |
of the Kahler potential. :

A A
- -
) Our conventions are Mg ™ (=t+tttts), R].w = R WAV = aArW L PN
Bynesl LM el
i:x*iyo. Notethatx-yl Bas=y 40 lx.
b=
T A EBATYE - T e ,
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where

F/z . }A: —"D,,A; (13a)

9~< = By gji Arf J13 % 2 were (131)

Ry - Lli]-;,i-r qu']_gq' (13¢)

T_I=LIJ‘*"-3’5L11 ) _f/)/\”': Bmtuz{j f/?ui {13a)

We recall that nrr is constant, (See Fg.{6)). The coefficient of the
Chern-Simons form in GWD is fixed by the requirement of supersymmetry
in the Noether procedure. HNote also that ary is a positive definite
function of scalars. Thus, although the global invariance group i1s non-

compact (30(n,2)) there are nc ghosts [11].

Our action.is invariant (upto cubiecs) under the following local

supersymmetry transformat ions:

5,%/“»2 < (gycprl % uX) -17112\9‘5 Aw] yﬁr

e Y R Gt L - LG (e stre

Pl

iy
SX—-‘}O‘X’”E"{'F F;]_IV’”(‘: 1"‘% G/ch/“’fe
? Lo Ty % (14)
SAa—~ Y}\ E*EFE- FwLI e

At this point since the vector fields asre abelian, they are not
obvicusly relevant for phencmenology. We will therefore consider the
gauging of an appropriate non-abelian subgroup of S0(n,2) which also would
use &8ll the vector fields of the theory.

IV, GAUGTING AN (n+2) PARAMETER SUBGROUP OF S0(n,2)

Consider an (n+?) dinmensional Lie algebrsa, Bge with structure
constants fIJK [9]. (Restrictions on these will be discussed below.)

Define

To 2 AT 1 h T ARA 0s)

where the coupling constants of each simple factor in the Yeng-Mills group

can be different, and they are absorbed into f.‘IJK . Evidently, one must

also non-abelianize the Chern-Simons form which appears in Guvp {see
Eg.{13b})}

g/.w( = -}/‘L?)VE /-MAf ?I:I’ "'L§I:r ?LK A A( + Lowore (16)

Next, we construct the gauged versicn of the Maurer-Cartan form as foilows [18]:

L) Ro'lh
SO TR b A

B"ia(ﬁ) Q/u_,,*(ﬁ) (7

Qu?b(A) [Q}liJ(A)] tranzforms as & gauge field of ¢omposite local S0(n)
[20(2) = U{1}] induced by a loecal 2, transformation {which generates the

r+2 parameter group), provided that

s



L

fIJ N = totelly antisymmetric in IJK . (18)

This condition ensures that Quab{A) = ~Quba(A), and similarly for QuiJ(A)'
Moreover, the supersymmetry of the gauged action (checked by the Noether
procedure) turns out to require the same condition as well. Now, Eq.(18)

is satisfied provided that Ny is the Cartan-Killing metric of the gauge
Lie algebra, go [15]. This implies that SO has two non-compact generators
{see Eq.(6)). Since only 50{1,?) can have twc non-compact generators it
follows that the gauge group, Gy» must be 50(1,2) x H where H is an (n-1)

dimensional compact subgroup of S0(n,2).

Eq.(18) is not the only requirement to preserve supersymmetry, To
describe the modifications to be made in the Lagrangian and transformetion

rules, it is convenient to define
Q ¥ bt @
C = S:IJ' LIL L1 Lk (199-)

. K, T 5 .
CQLL = ;13 La_ L\, th (19b)

Note that Ca‘:: = —Cb; is charged, while C° is neutral under U(1), More-
over from {18) and {19) it follows that

L zb
D/LCO. = Ca.‘h Eu (A) - a2 (20)
The functions CE and CaJi) appear in the modification of Eq.(11},
H a i 4 I ab i b I
D/.Puu-/«*"’ = C &l LIJ %:w + C 1_1 Ew (21a)
. N 1
Do W P (R ey == B(a) s CLs T (211)

where QW(A) = BuQv(A} - Bqu(A). These eqguations are needed in proving
the supersymmetry of the action. In terms of the objects defined in (15),
{16) and (19) the supersymmetric gauged action and the transformation rules

can now be given as follows:

iam}pl’ io(F—ﬁ f'Fl G"" %,, P P{M}O"’Q(A)) + i} (22)

SRR W R SR s

where IO is given in Eq.{12) and ig is given by

_ . ---/1[— N L iﬂ-é\ AL]*
€ dy - ==e Ry C-itx%4 ab

_.8Le‘°' c*Cc* (23)
where G = Cj + 1%, ¢ . 2, is invarisnt under

Spepd = S (FF, GG, PPN, anm)) £S5 @

vhere 60 is given in Eg.{1L), and Sg is given by

. -r'/Z a

S At = 2= 1 C ng (25)
3 it

These modifications are remarkably similar to those which arise in chiral

N =2, 4 = 6 supergravity [4]. The most interesting term in .‘fg ias the

potentisl which is positive definite. This fact turns out to be crucial for

the Minkowski compactification of the theory, as in the N =24 = 6 theory [T].

This we discuss in the next section.

V. COMPACTIFICATION

The Dosonic field equations of our theory are (M,N = 0.1,...,1’)

r P‘J 1o~ Pe
Ruw = 26 Twe "FN Azr + ¢ gwo gn/ +
v+ Py (A) PyTTA) 43w - T g8 (262)

o avf o onasa
Do = ‘Ee.’ :F;NI"FH”’I Ary '\'%5 3&#:’5 ""LC C‘C (261)

i PHM: (A) -1 fld C«.l.J CL-Q (’E: LI“ )(:FNN,J-LI;) {262)
DM (eu-' CHNF) - 0 (264)

. ", T we NPT (26e)
Dy (e Qs F77) = Jer e Po

L e P:;(C.LLL:‘P £ CaLI‘i)
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Note that in the Einstein equation all the trace terms are absorbed into
gMNDa' , 85 in N =2 d = 6 theory [7]. This fact facilitates Minkowski
compactification. In this note we focus our attention on (Minkowski)6 x 82

compactification and propose the following ansatz (L,v = 0,1,.4.,5) M)

‘3:": di"dz~ = ?).,., derdx? + &(de r sive dpt)

{3)

AM J‘J“ - (er 51} de , Y= ithcr (27)

>

and all the other fields vanishing in the background. AIEF) {m labels the
co=ordinates of 52) is the monopcle field lying in the compact direction
of the 50{1,2) algebra, and g is the coupling constant of 80{1,2). From

(27) one finds

(1)
R = Foa 2 (28}
mn < o 3"'"\ ) i ?.j-

Eqs.(26¢,d,e) are trivially satisfied. (note that since LIA = GIA in our
background, from {19} it follows that Ca; =0,C*=«<0if a#3, and
¢ = g), while Eqgs.(26a,b) require

(AL T .

ga, = vy (Einstein equation) {29a}

+

3" e hy (scalar field equation) {291)
from which it follows that [T]

Y= 2} (30)

Te see what this implies for the supersymmetry of the background, we first

fix our conventions for the TI-algebra as follows [19]:
1
H“‘Hrn#]"“lnﬂ, T'/u-—' }»x"" ) IFER (R L le = {re

T

Vs:l’,r,...r;,iwl , hoaq (31)

The supersymmetry of the background is ensured provided that

#) See Ref,[19] for a detailed explanation of such an ansatz.

-9-

Yo (}MT "«;ngr”TLLii"’QhM))E =0 (32a)
{3}
A co 1vF”S—13‘3F’£ =0 (321)

In the background

(3)

w""?ﬂ = e’m GM(A) * J A’m = - em (33)

where dy" e = ~d¢(cosd -1) is the usual SU{2} invariant U(l) connection
form on §° [19]. From (29), (31), (32} and (33) it now follows that

(}m\»{(v‘rf;):c"em)s:o {3ka)

(v+¥2)ie? £ = © (3kp)}

which is equivalent to {recalling (30))

I =0 Gtd)e = o ) v =11 (35)

]

For v = +1, e is & single constant, Weyl spinor ((1 + YT}:-: = 0), which is
equivalent to two Majorana-Weyl spinors in d = 6, This shows that oy

compactification scheme yields an N = 2 chiral supergravity in 4 = 6.

We are very grateful to H. Nishinc for his colleboration at the
early stages of thiswork,

Note added in proof

After this paper was written we received a Cambridge preprint by
M, Awada and P.K. Townsend, where ungauged couplings of n-vector multiplets

tc N=1, d =8 supergravity are exhibited.
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