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Abstract

We investigate and clarify the mutual compatibility of the higher order correc-
tions arising in supergravity and string theory effective actions and the non-linear
duality symmetries of these theories. Starting from a conventional tree level action
leading to duality invariant equations of motion, we show how to accommodate
duality invariant counterterms given as functionals of both electric and magnetic
fields in a perturbative expansion, and to deduce from them a non-polynomial bona
fide action satisfying the Gaillard—Zumino constraint. There exists a corresponding
consistency constraint in the non-covariant Henneaux—Teitelboim formalism which
ensures that one can always restore diffeomorphism invariance by perturbatively
solving this functional identity. We illustrate how this procedure works for the
R?VEVF and F* counterterms in Maxwell theory.

*email: bossard@cpht.polytechnique.fr
temail: Hermann.Nicolai@aei.mpg.de


http://arxiv.org/abs/1105.1273v1

1 Introduction

Consider Einstein theory coupled to scalar fields parametrising a symmetric space G/ K (G)
(where K(G) is the maximal compact subgroup of GG), and n abelian vector fields such
that G C Sp(2n,R) acts linearly on them and their magnetic duals. This setup is
typical for the bosonic sector of various (ungauged) extended supergravity theories,
and in particular for the maximally extended N = 8 supergravity with duality group
G = Er¢7y C Sp(56,R) [1]. The purpose of this letter is to discuss the consistency of the
action of this duality group, when higher order local corrections to the tree level action
(of the type appearing in the string theory effective action or as counterterms in extended
supergravities) are included. Accordingly, we will consider n ‘electric’ vector fields A

together with their ‘magnetic’ duals A7, combining them into a 2n-plet of vectors A}

1 )
with 2n associated field strengths F}7, viz.
Al = (A;‘,A/’f) < FL = (Fﬁ,F/TV) (1.1)

Note that the n magnetic duals Aﬁ are only defined on shell, as non-local functionals of
the other fields of the theory. ! Classically, this redundancy is reflected in the so-called
twisted selfduality constraint [1] for the 2n field strengths F

F;Z = - guuomenFn (12)
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which simultaneously halves the number of degrees of freedom and puts the theory on-
shell, in such a way that the Bianchi identities for the electric vectors imply the equations
of motion for the magnetic vectors, and vice versa. Here, J™, is a ‘complex structure’
built from the Sp(2n, R) invariant symplectic form Q""" and the scalar field dependent

symmetric metric G,,,, € G
J" =Q"G, = J"JP, = =6 (1.3)

The indices (m,m) correspond to the decomposition (1.1) of the 2n vectors in a Darboux

basis such that the symplectic form splits as

an = Qn}ﬁ =0 5 Qmﬁ = _Qﬁm = 6mﬁ ) (14)

n the literature [2, 3, 4] the magnetic field strengths are often denoted by the letter G, so the

relation with our notation (which follows [5]) is established by making the identification (F}J;,, FJ},) =

(F[L,GT,). Because the extension of our arguments to fermions is straightforward, we will not consider

fermions in this letter, but see e.g. [7].



Defining H™" as the inverse of G5 one directly obtains from (1.2)
1
2\/~9

The classical action is then re-obtained by solving the equation

Fr,=H"" <5nm ew’ P Ey, — Gan;Zl/) . (1.5)
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with the result

v op

1 . 1 .
§=5"=-3 /d%; (@H"l"ammamm ME, + e G F) . (L7)

As required, the tree level action S”[F}] depends only on the electric vector potentials.
For more general actions S depending on the electric vector fields, the basic relations
(1.6) remain the same, and are usually referred to as constitutive relations [3]. As shown

in [2, 3] it is a general feature that the action itself is not duality invariant, but varies as

m 1 4 vo m m pn 4 m_snn 05 48
595[}7’#1}] = g /d x(fu PX nérﬁmFuV ap EguuapX 70 5F$/ 5Fo"1p) ) (1'8)
under the duality transformations
oGm = X",GM" + X",G"MP O°F, = X" F, (1.9)

We have omitted the superscript ” in (1.8) because, as shown in [2, 3|, the equation (1.8)
is the consistency condition for any action S with associated duality invariant equations
of motion.? In particular, it must also hold for actions including non-linear deformations
or higher order corrections, so that the duality transformations preserve the constitutive
relations (1.6).

Suppose now that we are given a classical action S satisfying these requirements,
such as for instance the tree level action of N' = 8 supergravity, whose vector part is
just given by (1.7) (for G = E7(7)). In perturbation theory, this action will be modified
by higher order counterterms and corrections whose compatibility with duality transfor-
mations and with (1.8) is not immediately obvious. The higher order corrections to the

action are only defined modulo the equations of motion of the classical action S®. They

2Note that (1.8) is required for the duality transformations to make sense on the fields, and this is also
valid when they are not symmetries of the equations of motion, but nevertheless admit a representation

on the fields satisfying the equations of motion.



are generally given as functionals of the 2n electric and magnetic vectors AJ, that is, in
the form 7 = IW[Fn F, JL]?’ In particular, the higher order counterterms in N' = 8
supergravity appear generically in this manifestly covariant form with respect to the du-
ality group in terms of vector fields transforming in the linear 56 representation of E7 )
8,9, 10]. When trying to express the original action together with the corrections as an
actual new action functional of the electric field strengths only, we are thus faced with
the question what expression to substitute for the magnetic field strengths F jzl/: after all,
these will be given by non-linear and possibly non-local functionals of the electric vector
fields (as well as the other fields) whose form is determined precisely by the new corrected
action we are looking for. A naive guess might be to substitute the tree level solution
(1.5), but one quickly sees that this ansatz solves the consistency condition (1.8) only to
first order in perturbation theory, and fails at higher orders. In other words, it could «a
priori appear that the corrected action functional gives rise to inconsistencies with the

action of the duality transformations (1.9) [4].

2 Deformed twisted selfduality constraint

To find the right action one must therefore adopt a different strategy, taking a deformed
version of the twisted selfduality constraint as the starting point. Namely, given a man-
ifestly duality covariant counterterm correction Z depending on the 2n field strengths
F7 and their derivatives, we propose to replace (1.2) by the deformed twisted selfduality

constraint

2 AR 1
B = Gy =~
a -g g péFO'np 2\/ -9

or, equivalently,

2 YA
guuapjmn (F/T/ - ﬁGmngaTgpwéFn ) (21)

YA 1 A

Gmnguagwm + Q" : (2.2)
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F:Z; + 5MVUPJmnFOT_Lp = %ijo—pm
op

1
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This equation is manifestly duality invariant if Z® is a duality invariant functional. At the
same time it achieves the required halving of the number of physical degrees of freedom
and imposes the (deformed) equations of motion. To reconstruct a bona fide action
depending only on the physical fields (and only the electric vector fields, in particular)

and satisfying all consistency requirements, we now have two options.

3For clarity of notation, we will use the letter S only for ‘true’ actions defined off shell, whereas 7

denotes a general functional of both electric and magnetic fields.



e We first solve (2.1) for the magnetic field strengths F/T; in function of the electric
field strengths F}, and their derivatives (as well as all other fields) as a formal power
series. With the resulting expression for F jf, as a functional of the physical fields,
we then solve (1.6) in a second step to obtain the full corrected action functional
in terms of the electric vectors only. This procedure manifestly preserves four-

dimensional space-time covariance.

e Alternatively, we can solve (2.1) for the time components (FJ*, F{"), and again
reconstruct the requisite action in a second step. The resulting action depends on
the spatial electric and magnetic vector components (A}, Ai”_1 ), and therefore breaks
manifest space-time covariance. Nevertheless, we will see that there is a consistency

condition that guarantees full space-time covariance on-shell.

Due to the non-linear dependence of Z®" on the magnetic field strengths F’ jfj and possibly
their derivatives, the resulting corrected action will include terms of arbitrarily high order
for any kind of counterterm correction, and this will be true in both approaches. In other
words, the ‘initial’ counterterm Z“, which is usually polynomial in the field strengths
and their derivatives, must be supplemented by an infinite string of higher order terms.
This completion of the ‘initial’ counterterm action will thus be non-polynomial, and
also non-local if the initial counterterm depends on derivatives.* Yet, it will satisfy the
consistency condition (1.8).

Let us illustrate these claims with a simple example from Maxwell theory, adopting
the space-time covariant approach. For this purpose we combine the electric vector A,
with its magnetic dual A7 = AEL into a complex vector potential A, = A, + A}, with
corresponding complex field strength

b, =F, +iF,, (2.3)

Electromagnetic U(1) duality then acts on these fields simply as a global phase rota-
tion. It is furthermore easy to see that the original (free) Maxwell equations for A are

recovered from the twisted selfduality constraint

F, =0 , (2.4)

77

where we define the complex selfdual and anti-selfdual field strengths as
1 1

Fo o =-F,+——

nv o 4\/_—9

2
4Note, however, that it will nevertheless remain local in a perturbative sense, i.e. involve only a finite

E,uuopFop . (25)

number of derivatives at any given order in the coupling constant.
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As an example of a non-trivial deformation let us consider the U(1) duality invariant

expression
1 _
7w — _1 /d4x\/_—ggpiiTuua>\ VMFUP VVF)\n , (26)
where T#?? is the Bel-Robinson tensor
3
THYoP — C,LLRO’ACVHP)\ _ igﬂ[l’c’“)‘]o'ﬁcﬁ)\pﬁ ) (27)

with the Weyl tensor C),,,. The Bel-Robinson tensor is fully symmetric and traceless
in its four indices and is conserved modulo the vacuum equations of motion.

The counterterm (2.6) is a simplified version of a typical term appearing in the super-
symmetric completion of the R* counterterm arising at three loops in N = 8 supergravity

[11], 5 where it is proportional to (using SL(2,C) spinor notation)

Caﬁ“"stB"‘iVagFg{YVMFB (2.8)

i
with the SU(8) field strength F7. With the above notation, the deformed twisted

selfduality constraint for our Maxwell example takes the form
Fo + VTV, Ff =0, (2.9)

Observe that the second term in (2.9) is complex anti-selfdual in the indices [uv], as it
should be, because the Bel-Robinson tensor is symmetric traceless and the torsion-free
covariant derivatives preserve complex (anti)selfduality.

Let us now construct a manifestly diffeomorphism covariant Lagrangian for the de-
formed equations of motion in terms of the real Maxwell field strengths F};, only, following

the above procedure. To this aim we define the differential operator
(A(f)),ul/ = A,uljpofpo' = Vl-ﬁqv[un)\[ov)\éﬂfpcr . (210)

acting on two-forms f,,,. This operator is self-adjoint and satisfies

KA o KA o
méuy A,.;)\ P = —ij ———Ek\ P s (211)
thus converting selfdual into anti-selfdual tensors, and wvice versa (this accounts for the
+ sign on Ff} in the second term of (2.9)). Decomposing (2.9) one obtains

(525 + Aﬂ’/op) Fcip - (555 - Auvop) %%meé,\ ) (2.12)

®Note that the complete supersymmetry invariant is not actually duality invariant [12, 13], however

its non-perturbative completion arising in string theory is believed to be FEr(7)(Z) invariant (see e.g.

[14]), and so it is important that it transforms covariantly with respect to E7r).
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and inverting the operator on the left-hand side we get

2 1 K g n a 1
Fiy = *(55 +2) (A", P) Fl (2.13)

n>1

where A" is the n'" power of A. This equation, in turn, simply follows as the Euler—
Lagrange equation of the action

1 [
4 1pv 1 1pv n o 1
S = /dx\/_< Fi +§n§:1:F“ (A™),, ”Fop> . (2.14)

The completion of the ‘initial’ Bel-Robinson counterterm Z® from (2.6) is thus non-
polynomial and also non-local (depending on arbitrarily high powers of the derivative

operator V). To check the consistency condition (1.8) we first observe that

/d4 2 EMVUP(;;’S; 5(;’51' /d4 Zghvop (5n)\ + 22An21))) F/i (567 + 2ZAnOT)F9T

n>1 n>1
= / d%%gﬂ”@ﬂ; (5“ +2) (A "”;) ( +2) A" )FQT
n>1 n>1
/ d%;e“”"pF/jVF(jp : (2.15)
Because X', = —X*, for a U(1) duality rotation, this means that the two terms on the

right-hand side of (1.8) are the same, yielding twice the right-hand side of (2.15). Now us-
ing M [ w = X1, I, together with the constitutive relations (1.6), it is straightforward
to see that (1.8) is indeed satisfied for the completed action (2.14).

3 Non-covariant formulation with manifest duality

In the foregoing section we showed how to restore the full duality invariance for the
corrected equations of motion. However, being on-shell, this formalism is not directly
suited for quantisation because we cannot formulate the functional Ward identities for
the duality symmetry in that case. For that purpose one must instead make use of a
non-covariant formulation developed by Henneaux and Teitelboim [6], and worked out
for N = 8 supergravity by Hillmann [7] (see also [5]). In that formalism one takes the
2n spatial three-vectors A" as the fundamental fields, while their time components are

only defined on-shell. As a consequence, the action is manifestly duality invariant, but



no longer manifestly invariant under space-time diffeomorphisms. At tree level, it takes

the form
1 . -
S =7 / d'x (ane”k(aoAT + N'ER) F — NV GmnhlkhﬂlFf;Fgl) SN CAY)

It is invariant only with respect to a non-standard realisation of space-time diffeomor-
phisms (but, of course, still invariant under spatial diffeomorphisms). The equation of
motion for the vector fields is

e & =0, (3.2)

with the abbreviation

. N .
&' = 0,AT + NIF]} — ﬁhijeJkljmanl : (3.3)

(recall that we neglect fermionic terms). It is invariant with respect to the modified
diffeomorphism transformation of the vector field

0 AT = EF €0 (0, AT — &) . (3.4)

Although the component A" of the vector field does not appear in the action, its spatial

gradient can be identified from the equations of motion as
GA! =8E" (3.5)
One then expresses the Lorentz field strength £ via F} and
FY=0,AT - &M . (3.6)

With this definition, one checks that the field strength F} transforms indeed as it should

with respect to diffeomorphisms modulo the equations of motion
oFy, =70, F,, — 28,087 + 60, (3.7)
where &7 is the twisted selfdual component of the equations of motion, i.e.

& =Qm 051 E NIgE? + N hsisedE g™, &0 (3.8)
id = E:i ik - s i = — id i S n s .
J J ) Ak 0 J 9 \/ﬁ J k1l
in accord with the (undeformed) twisted selfduality constraint.
Next let us consider some higher order supersymmetric invariant Z®" defined on-

shell as a functional of Fjj, and the other fields of the theory, which is invariant with

7



respect to the ordinary action of diffeomorphisms. From this action we directly obtain
the corresponding off-shell action S by substituting (3.6) for the time-components F7},
viZ.

SWIFY

ijo

EFll=0,A7 — & . (3.9)
Its variation under a time-like diffeomorphism with parameter £° is ©

55 55
SFm SAY

55 = / datQmngiikee (3.10)
It follows that, at the same order, the action S + S is invariant with respect to the
modified variation
, . 5SW
m o __ m 0 m m mn _ijk
SAY = §Fp + & (0,7 — & — Qe Y

e (3.11)
OFy,

At this order this result is precisely the expected one: the diffeormorphism transformation
of the vector field agrees with the ordinary transformation modulo the corrected equations
of motion. Of course, in order to obtain full agreement and to establish the consistency
of the deformed action one must now complete the corrected action by adding higher
order terms, just like for the covariant deformed Maxwell action in the previous section.

That is, we must determine the full invariant
S =89 4+80 484 (3.12)

with a corresponding all order corrected transformation of the vector fields. The possible
obstructions in carrying out this procedure are the solutions of the diffeomorphism Wess—
Zumino consistency conditions as functionals of F} and the other fields, identified modulo
the equations of motions [15]. Because the action of diffeomorphisms on F}7} is identical
to the conventional one modulo the equations of motion, this cohomology problem is
identical to the one of identifying algebraic diffeomorphism anomalies in four dimensions.
Consequently, the absence of such anomalies [16, 17] ensures the existence of a completed
action S which is invariant with respect to its associated diffeomorphism action.

We will now show how to compute the complete action S perturbatively by using the

invariance of the action as a first order functional derivative equation. To this aim we

6The covariance under spatial diffeomorphisms (with parameters 1) is manifest.



consider the action 7

s=1 / A0 (e (0, A7 + N F) Py ) + I[F, Vs

4 VW (3.13)

where the functional I depends on the vector fields via the spatial field strengths Fi} and
their derivatives (including time derivatives). For any such I the equations of motion of

the vector fields still take the form of a spatial divergence

5S
SAT

g ol
= —513k8j an (Q,Aﬁ + NlF}?l) — €xk1h =0 s (314)
OF}

They are thus equivalent to the first order equation

. ol
m = — J ./rn mn . .
Fm NIF™ —Q E”kéFJ’i{ (3.15)
Under the diffeomorphisms
GAT =R = ¢ NjF.’” QMg —— o (3.16)
i ji ij 5Fﬁ( )

the full action S transforms as

5§S:/d4x€”( Qs (N2 R FR ) + (0,5 + 20N F ) 52{”) el
ij

oI 61 _
= [ d*x€°0y | =Q,,,, N2h Ptk pmpn 4 Qmng. ol 3.17
/ xé- 1< ih Jk + €y Jk(SFH 6ank + 5 ’ ( )

where J¢ is defined to act on FY7 as an ordinary diffeomorphism according to (3.15)
m m k k rm mn ol 0
§F’lJ - guaﬂF,uu - 2Fk[iaj]€ + 2| N F[i\k + Q 5kl[iW aj]f . (318)
k1

The invariance of the action therefore follows from the vanishing of
SU5e T
0E°

"The covariant derivative V, F{% must be defined perturbatively. At first order it is defined from the

(3.19)

ol o1
- al < anN2h'lh IJkFI?IFﬁ{ + angle )

SRy OF T,

ordinary covariant derivative V,, acting on F}}, as defined in (3.6),

m m k m
VO = 0, Y} + 205, Pl — 200 (9, A7) — &)

u[l



This relation can be viewed as the non-covariant analogue of the consistency condition

(1.8), but now ensuring space-time covariance of our manifestly duality invariant action.
The equation (3.19) defines a functional differential equation which permits to deter-

mine [ perturbatively. This equation simplifies drastically when I contains no explicit

derivative terms, that is, when it is the integral of a polynomial function (‘potential’) V' of

F{} and the metric, which is invariant under spatial diffeomorphisms. In that case (3.19)

is no longer a functional differential equation, but reduces to the differential equation

or oI

1 .
ZanN2hlh51Jk I'Z-L in{ — angijk = anN2h e ov oV

OFy OFT, O OF T,

4 Maxwell theory, once again

To illustrate how the procedure works in the non-covariant formulation we again study an
example generalising Maxwell theory. To keep things as simple as possible we consider a
modification that initially depends on the complex spatial field strength F}; polynomially,
but not on its derivatives (the inclusion of derivatives presents no problem of principle,
but renders the calculations substantially more tedious). The tree level Lagrangian is

now a function of the complex spatial vector field A; = A} +iA; and reads
L= —%5ijk(8oAi + N'Fi) Fye + %eiﬂk(aofli + N'Fy) Fye — NVRVI[F] . (4.1)
with the tree level ‘potential’
V=V =h*nFFg = FF, . (4.2)
Here and in the remainder, we will mostly use flat indices

Fop = etelF; (4.3)

i
where e is the inverse dreibein such that s = §%ete). Generalising beyond tree level,
the potential V' will be a more complicated function, but for any given V', the three vector

transforms as

ON\/Eg ov
2 EOF,

In order to ensure full diffeomorphism invariance, V' must satisfy the consistency condi-

0A; = (Y + "N Fy; — i€ (4.4)

tion (3.19) which now reads
ov. oV

OF b gFed —

Fa[chd] . (45)
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The general procedure then starts from some ‘initial’ corrected potential of the form
V =V©4+V® and exploits (4.5) in order to complete the potential V' to a more general
SO(3) invariant function of the spatial field strengths F,;, and F;, such that

V=VO4+V®4 (4.6)

satisfies the differential equation (3.19). As before we will thus find that, for consistency,
any ‘initial’ counterterm V' must be supplemented by an infinite string of higher order
corrections. As the simpest possible example we will consider the manifestly duality
invariant expression V® o %FQBFO‘BF apt’ 4% obtained by squaring the complex selfdual
and anti-selfdual field strengths. In the present approach this invariant can be identified

with one half the duality invariant
Y = FPF, [ F,, (4.7)
by using the equations of motion. Writing also
X =F"F,, (4.8)
we would thus like to solve (4.5) for

_ 1 _ 1
V(X,Y)=F*FE, + §F“bFabFCchd +O(F) =X+ 5V + O(F% . (4.9)
First of all we note that (4.5) is trivially satisfied at first order because
FupFog =0 . (4.10)

After some further computation it is seen that V' must be of the form

= 1
VX, Y)=X —— _H™(X)y'"t 4.11
The condition (4.5) is satisfied provided (using Fa[chd] = — a[chd})

2 2
e Yl—i—n OH™ e yn
1 =Y — H™ 1 . 4.12
( +Z 2+ 2n) 90X ) <;(1+2n)! ) * (4.12)

Observe that this ansatz is manifestly duality invariant. At first order in Y one gets

OH®
0X

— (H")* | (4.13)

11



which implies (with the condition H(0) = 1) that

1
H9(X)= —— . 4.14
(X)= (114)
At order Y? we get
OH® 4 3
— HY = —— — 4.1
oxX  1-X 1-x)p2 - (4.15)
which gives
1 c
HY(X) (4.16)

Ti-x Ta—xp
with an arbitrary constant ¢. This constant corresponds to the freedom of adding the
on-shell invariant
c® _ 9 cM A2
Q(FabFachchd) ~ Q(FagFaﬁFdBFaﬁ) : (4.17)
to the invariant F? 2, while preserving diffeomorphism invariance.
It is now clear how to proceed perturbatively in Y and how to determine all the

functions H™ by successively solving the hierarchy of first order equations ®

aa—X ((1 — X)2+2"H<">) —
n—l n—1
1 242n 142 17(p) 17(rn—p) or0y OH® OH =7~

By construction the right-hand side is a finite Laurent series in (1 — X)) with polynomial
coefficients in In(1 — X') which can be integrated straightforwardly, modulo the definition
of the homogenous solution
H™ — c 4+ H® (4.19)
(1— X)2t2 ’
H™ being a particular solution. Clearly, the constants ¢™ correspond to the ambiguities
in defining a diffeormorphism invariant associated to the possibility of adding higher

order invariants corresponding on-shell to

o y o™ _
—— (Fap FP)" (Fyy FP)" ~ FuFu)" (FeaFrg)" . 4.2
(2n)!( B ) ( & ) (2n)!( b b) ( d d) (4.20)
Setting ¢ = 5, the potential V' reads
1 1
V(X,Y):X+§Y(1+X+X2)+1Y2+O(F10). (4.21)

8Where CP = WLP)! are the binomial coefficients.
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To establish the link of the above construction with the deformed twisted self-duality
constraint (2.1), we note that, by construction, the equations of motion are invariant with
respect to diffeomorphism invariance. Hence they can indeed be rewritten in this mani-
festly diffeomorphism covariant form (for ¢ = 5 and higher ¢™ chosen appropriately),
viz.

RAOT R Z op T
FHFT)<F,,—— ,,”Fo):O.

= i) \Sw T gt e
(4.22)

Indeed, decomposing the corresponding equations into space and time components

1
g, P crp+_<F;.;)\FHA+

o o
oo 8 2\/-9

. 1 . -
Foa - %5achbc + g (FdeFde - 2FodFod - 27:5defFodFef) <Fva - %5achbc> =0 ) (423)

one can perturbatively solve for F,, in terms of F};, as

i 1
F,, = §gachbc (1 + 55/(1 + 2X))

+ %eabCFchefFef (1 L X+ X2+ Y) L O(FY) | (4.24)

This solution coincides with the expression following from the corrected potential V'
obtained above in (4.21) up to order F''°.

5 Conclusions

We have demonstrated for some typical examples by rather explicit computations that
the higher order counterterms and corrections arising in supergravity and the effective
string theory action are perfectly compatible with the full non-linear duality symmetries
of these theories, provided one completes the ‘initial’ correction terms by solving the
requisite consistency conditions. This can be done in either of two different formulations,
in one of which space-time covariance is manifest but the duality symmetry is realised
only on-shell, while it is the converse in the second formulation. We have exhibited the
analogue of the Gaillard—Zumino constraint for the Henneaux—Teitelboim formulation,
and we have furthermore shown that the two procedures give results which agree at lowest
non-trivial orders in a perturbative expansion.

We conclude that the non-linear E7(7y symmetry is not sufficent to rule out all higher
order counterterms, hence divergences, of N = 8 supergravity. There is unfortunately no
‘royal path’ cutting short the explicit calculations of [18]. If N' = 8 supergravity is UV

finite to all orders the reason must be sought beyond maximal supersymmetry and Er ).
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