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Vacua of M theory and string theory
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We argue that supersymmetric higher-dimension operators in the effective actions of M theory and type IIB
string theory do not affect the maximally supersymmetric vacua: AdS43S7 and AdS73S4 in M theory and
AdS53S5 in type IIB string theory. All these vacua are described in superspace by a fixed point with all
components of supertorsion and supercurvature being supercovariantly constant. This follows from 32 unbro-
ken supersymmetries and allows us to prove that such vacua are exact.@S0556-2821~98!10520-9#

PACS number~s!: 04.65.1e, 11.25.Mj
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I. INTRODUCTION

There is very limited knowledge of exact solutions
gravitational theories which include higher-dimension ope
tors. An example of such a configuration is given by app
wave. This solves the non-linear equations of motion of p
Einstein theory and can be proved to remain an exact s
tion in the presence of all possible higher-derivative ter
respecting general covariance.

It is interesting to find some solutions in M theory an
string theory which can be proved to be exact when all p
sible corrections to the low-energy supergravity actions
included, which respect not only the general covariance
also the local supersymmetry. It is natural to consider
vacuum solutions and use the power of 32 unbroken su
symmetries.

We shall look at four-dimensional anti–de Sitter spa
(AdS4)3S7 and AdS73S4 solutions of M theory and AdS5
3S5 solution of IIB string theory. There has been a gre
deal of interest in these solutions lately because of the c
jecture@1–3# relating type IIB string theory on AdS53S5 to
N54 Yang-Mills theory. We shall attempt to argue th
there are no corrections to the form of this solution froma8
corrections. This was already shown for the AdS53S5 case
to ordera83 in @4#. Similarly, we argue that there are nol 11
corrections to the form of AdS43S7 and AdS73S4 in M
theory. The proof in@4# uses essentially the conformal fla
ness of AdS53S5 space. Our general proof based on t
maximal amount of unbroken supersymmetry will cover t
supersymmetric vacua of M theory whose metrics are
conformally flat.

In the case of the M-theory solutions, we still do not ha
a full formulation of the theory. However, we can study t
low energy effective action as an expansion in powers of
Planck length. We expect that the effective action will ha
N51 supersymmetry in eleven dimensions, which constra
its form. Also, in analogy with string theory, we expect th
an exact solution of the effective action is a solution of t
full theory.

The strategy will be to write down all possible correctio
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to the equations of motion consistent with supersymmetry
all possible corrections to the equations vanish when ev
ated in a certain background, then, by definition, this ba
ground is an exact solution of the full effective action. W
shall show that this situation holds for these solutions.

In general, the possible corrections to the equations
motion could involve the curvature, derivatives of the curv
ture etc. It is a feature of these solutions that all relev
tensors are covariantly constant. Hence the corrections
only depend on the numerical values of these tensors.
will then show that even these corrections do not affect
solutions.

This is most conveniently done in superspace. We fi
that in superspace, the equations of motion can be writte
a form which have one free spinorial index. It turns out th
all nonzero components of the superfields~in this back-
ground! have two spinor indices, and it is thus impossible
construct a consistent nonzero correction.~Usually of course,
one could have used spinorial derivatives to construct a
rection term, but as we have already said, all such te
vanish.! Thus the solution is uncorrected in the full effectiv
action.

We first consider as a warm-up, the cases ofpp waves in
pure gravity, and the AdS23S2 solution ofN52, d54 pure
supergravity, where similar considerations allow us to pro
the exactness of the solutions. We then turn to the case
interest i.e. AdS43S7 and AdS73S4 in eleven-dimensiona
supergravity and AdS53S5 in type IIB string theory. Finally
we conclude with discussions.

Recently, quantum corrections to the supersymme
black hole entropy in string theory@5# and to the minimal
value of the central charge in supergravity theory@6# have
been calculated. These corrections appear in theories re
to N52 supergravity interacting with vector multiplets. Suc
interaction is not unique. The prepotential in presence
higher dimension operators is modified@6# but the theory is
still supersymmetric. It has not been established whether
existence of such corrections is due to the modifications
the solutions or just change of the AdS2 size in the Bertotti-
Robinson throat. In all cases which we will study we w
deal only with maximal supersymmetry, 32 ind511, d
510 ~and 8 ind54 for pure supergravity without extra ma
ter multiplets as a simplest model!. These are purely geome
ric theories in superspace. There are no options in the ch
©1998 The American Physical Society03-1
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RENATA KALLOSH AND ARVIND RAJARAMAN PHYSICAL REVIEW D 58 125003
of the prepotential. We expect therefore that the superfi
structure is not modified in presence of corrections.

II. STABILITY OF pp WAVES

pp-wave geometries are spacetimes admitting a cov
antly constant null vector field

¹ml n50, l nl n50. ~1!

Spacetimes with this property were first discovered
Brinkmann@7#. The existence of a covariantly constant n
vector field has dramatic consequences@8#. For instance, for
the class ofd-dimensionalpp waves with metrics of the
form

ds252dudv1K~u,xi !du22dxidxi , ~2!

wherei , j 51,2,. . . ,d22, the Riemann curvature is@8#

Rmnrs522l [m~]n]] [rK !l s] . ~3!

The Ricci tensor vanishes ifK is a harmonic function in the
transverse space:

Rms52
1

2
~]n]nK !l ml s , R52

1

2
~]n]nK !l ml m50.

~4!

The curvatureRmnrs is therefore orthogonal tol m and to¹m

in all its indices. SinceK is independent ofv, the metric
solves Einstein equationsGmn50 if ]T

2K50. Possible cor-
rections to field equations may come from higher dimens
operators and depend on the curvature tensors and thei
variant derivatives

Gmn5Fmn
corr~Rmnls ,DaRmnls , . . . !. ~5!

Corrections to Einstein equations are quadratic or higher
der in curvature tensors. However, there is no way to c
tract two or more of Riemann tensors which will form
two-component tensor to provide the right-hand side~RHS!
of the Einstein equation coming from higher dimensions
erators. Therefore all higher order corrections vanish
pp-waves solutions. They remain exact solutions of a
higher order in derivatives general covariant theory. This
cludes supergravities and string theory with all possi
sigma model and string loop corrections to the effective
tion, as long as these corrections respect general covaria
Note that supersymmetry played no role in establishing
non-renormalization theorem.

III. SUPERSYMMETRIC BERTOTTI-ROBINSON
VACUUM

Our next example isN52, d54 pure supergravity with-
out matter multiplets. A vacuum solution with 8 unbroke
supersymmetries is given by the AdS23S2 metric and a two-
form which is a volume form of the AdS2 space. Before
consideringN52 theory we will explain our strategy in
terms of the more familiar superspace ofN51 supergravity.
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In general the geometric superspace tensors must sa
some constraints in order to describe correctly the field c
tents of supergravity theory. When the constraints are
posed, the geometric Bianchi identities are not identities a
more but equations which can be solved. The solutio
provide the superspace form of supergravities. In theN52,
d54 case the full off-shell superspace solution is availab
This is analogous to the well-knownN51, d54 supergrav-
ity in superspace given in terms of 3 superfield
Wabg ,Gaḃ ,R. All components of the constrained geometr
tensors like torsionTAB

C and curvatureRAB
cd are expressed in

terms of these three superfields and their covariant der
tives. On shellGaḃ(X,u)50 and alsoR(X,u)50. All pos-
sible higher dimension operators would modify the form
classical equations of motion as follows:

Gaḃ5F aḃ
corr

~G,R,W,W̄,DAG,DAR,DAW,DAW̄, . . . !.
~6!

It is expected that the RHS of the quantum corrected eq
tion of motion will depend only on superfields and their c
variant derivatives, i.e. on all supertensors of the theory
one wishes to find out if some particular solution of classi
equations remains a solution in the presence of the cor
tions, one has to study whether

F aḃ
corr

~G50,R50,W,W̄,DAG50,DAR

50,DAW,DAW̄, . . . !, ~7!

vanishes or not. The chiral superfieldWabg has in the lowest
componentu0 the gravitino field strength and in the first on
u1 the Weyl tensor.

We proceed to theN52, d54 case to study the supe
symmetric Bertotti-Robinson~BR! vacuum. We give below
a summary onN52, d54 off shell superspace with 4
bosonic and 8 fermionic coordinates. The supergeometr
given in @9# and we use the two-component spinor notati
from there. The structure group consists of Lorentz trans
mations withMab52Mba , a50,1,2,3 and central charg
transformationsMi j 52M ji , i , j 51,2. The geometric ten
sors include torsionTBC

A , the Lorentz curvatureRab
cd and

the central charge curvatureFAB
i j .

There are two superfields defining the off-shell sup

space. There is one spinorial superfieldTa
i (X,u,ū) which

vanishes on shell and therefore represents the super
equations of motion of the theory. There is also a chi
superfield Wab i j satisfying D ġkWab i j 50. The lowestu0

component of the superfieldW is the form field, the next one
u1 is the gravitino field strength and the second oneu2 is the
Weyl tensor

Wab i j ~X,u!uu505~sab!abFab i j~X!, ~8!

Da
i Wbg ik~X,u!uu505cabg k~X!, ~9!

Da
i Db

j Wgd i j ~X,u!uu505Cabgd~X!, ~10!
3-2
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D ȧ
i
Db iWgd kl~X,u!uu505D ȧbFgd kl~X!. ~11!

According to our conditions on the corrections to fie
equations respectingN52 supersymmetry we get the qua
tum corrected field equation in the form

Ta
i ~X,u!5F a

i corr~T,W,W̄,DAT,DAW,DAW̄, . . . !.
~12!

Exactness of flat superspace.Flat superspace has the fo
lowing properties. There is a non-vanishing constant tors
and central charge curvature:

Ta i ,ḃ j
d

52isaḃd i j , Fa i ,b j
kl5Cabd i

[kd j
l ] . ~13!

The superfieldsTa
i (X,u),Wab

i j (X,u) vanish. If one would try
to constructF a

i corr out of only constant structures in Eq
~13!, one could see that no such structures are available
therefore the flat superspace cannot have quantum co
tions.

A superspace form of the near horizon black hole geo
etry with a 2-form and with enhancement of supersymme
near the horizon has been studied before@10,11#. It has been
found that the supersymmetric branching ratio~BR! vacuum
corresponds to a supercovariantly constant superfieldWab

@the superfieldTa
i (X,u,ū)50 since we consider the solutio

of the classical field equations#

DAWab kl
BR 50⇒Da iWab kl

BR 5D ȧ iWab kl
BR 5DcWab kl

BR 50.
~14!

The integrability condition for the existence of the cova
antly constant superfield is verified by checking that the
lution admits Killing spinors of the maximal dimension.
can also be simply understood by observing that for the
persymmetric BR the lowestu0 component of the superfiel
is covariantly constant inX space, the nextu1 component
vanishes since the background is bosonic and the seconu2

component of the superfield vanishes since the Weyl ten
vanishes and the formF is covariantly constant inX space.
The higher components of the superfield are not indepen
and therefore also vanish. The self-dual form is

Fi j 5e i j ~e0∧e11e2∧e3!. ~15!

Therefore all components of the superfieldW vanish except
the first one which is a constant self-dual form. It breaks
Lorentz part of the structure groupSO(1,3) of the super-
space witha50,1,2,3 into a productSO(1,1)3SO(2), with
â50,1 andǎ53,4. The first one is related to the tange
space of AdS2 and the second one to that ofS2.

Thus ourBR vacuum in the superspacecan be described
by a covariantly constant superfieldWab

BR which consist of
two parts:

Wâb̂
BR

5e âb̂ , Wǎb̌
BR

5e ǎb̌ . ~16!
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All non-vanishing components of torsion and curvature
constant and given by Eq.~13! as in the flat superspace a
well as new constant torsions and curvatures:

Ta,b j ,ġk52 isb,ġ
b Wab

BR, Fab
kl 5eklWab

BR, ~17!

Ra i ,b j
cd522iCab~s̄cdW̄BR!ḋ

ḋ , etc. ~18!

Now we can look what will happen with corrections to th
equation of motion with account of Eqs.~14! and ~16!.

Ta
i ~X,u!5F a

i corr~Wâb̂
BR,Wǎb̌

BR
!. ~19!

It is not possible to build the objectF a
i corr with one fermi-

onic index from the available supercovariantly constant
perfields. Therefore we do not see any possibility for t
supersymmetric BR vacuum to be corrected by higher
mension supersymmetric operators.

IV. AdS43S7 AND AdS73S4 VACUA OF M THEORY

The background is in the AdS4 case

Fmnps
~AdS!5eemnps, ~20!

R~AdS!
mn

ps52
4e2

9
~hm

p hn
s2hm

s hn
p!,

~21!

R~Sph!
mn

ps5
e2

9
~hm

p hn
s2hm

s hn
p!, ~22!

and for the AdS7 case

Fmnps
~Sph!5eemnps, ~23!

R~AdS!
mn

ps52
e2

9
~hm

p hn
s2hm

s hn
p!,

~24!

R~Sph!
mn

ps5
4e2

9
~hm

p hn
s2hm

s hn
p!.

~25!

The relevant on-shell superspace was constructed
@13,14#. There is a single superfield1 Wrstu(X,u). The field
content of this superfield follows from that of eleve
dimensional supergravity.

The first few components of the superfield are

1We follow the notation of@13# with the exception of renaming
spinorial indices in tangent space froma to a to be in agreement
with other sections of this paper.
3-3
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RENATA KALLOSH AND ARVIND RAJARAMAN PHYSICAL REVIEW D 58 125003
Wrstu~X,u!uu505Frstu~X!, ~26!

„DaWrstu~X,u!…uu5056~g [ rsD̂ tcs!a~X!, ~27!

„Da~D̂ [ rcs] !b…uu505S 1

8
R̂rsmn~X!gmn

1
1

2
@Tr

tuvw ,Ts
xyzp#F̂ tuvw~X!F̂xyzp

1T[s
tuvwD̂r ] F̂ tuvw~X! D

ab

. ~28!

HereTrstuv is a product ofg matrices defined in@13#.
The equation of motion of classical supergravity in sup

space is

~g rstD !aWrstu~X,u!50. ~29!

In a generic background one can write down correctio
to the RHS of the superfield equations involving the sup
fields, derivatives of the superfield etc. There is no reaso
expect that such corrections will vanish in general.

We now claim that the supersymmetric AdS43S7 and
AdS73S4 vacua of M theory are described by a fixed po
in superspace, where all components of torsion, curva
and 4-form are covariantly constant. To prove this it is s
ficient to prove that the superfieldWrstu(X,u) is supercova-
riantly constant~since all other superfields can be deriv
from it!.

The lowest component of the superfieldW according to
Eq. ~26!, is given by the form field strength. In the AdS7
case, we haveF01235e0123, and in the AdS4 case, we have
F456789105e45678910. These are manifestly covariantly con
stant.

The next component of the superfield, as shown in
~27!, is the gravitino field strength and this vanishes sin
our vacua are purely bosonic.

The next component of the superfield is bosonic and
shown in Eq.~28!. Remarkably, it vanishes as well~as can
be verified by explicit computation!.

The remaining higher components are given by some
rivatives of the previous ones and therefore all vanish. P
ting these facts together, we see that the superfi
Wrstu(X,u) is supercovariantly constant.

The vanishing of theu2 component of the superfield i
related to the fact that these vacua have maximal supers
metry. The integrability condition for the requirement th
the bosonic configuration admits maximal unbroken 3
dimensional supersymmetry is

dSUSYc r5Dre1Tr
tuvweFtuvw50. ~30!

It was shown in@15# ~in the context of the study of the nea
horizon Killing spinors of M2 and M5 branes! that this equa-
tion yields
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1

8
R̂rsmng

mne

1
1

2
@Tr

tuvw ,Ts
xyzp#eFtuvwFxyzp

1T[s
tuvwD̂r ]eFtuvw)50, ~31!

which is exactly the statement that theu2 component van-
ishes.

Thus we have shown that the integrability condition f
the 32 Killing spinors of the vacua provides the proof th
the superfield is covariantly constant:

DAWrstu50⇒DaWrstu5DvWrstu50. ~32!

Let us look now at the corrected equations of motio
SinceDAWrstu50 the corrections can depend only onWrstu
and other constant tensors likeg matrices etc. Again we
observe that it is impossible to get one spinorial index wi
out using spinorial derivatives, but such derivatives are z
on all the terms. Hence there is no possible correction we
write down. This shows that the AdS43S7 and AdS73S4

solutions are exact.

V. AdS53S5 VACUUM OF STRING THEORY

We have, in this case, to consider the superspace for
lation of type IIB supergravity. This was constructed in@12#.

The background has a nonzero five-form field stren
and a nonzero curvature. These split into the AdS part
the sphere part. For the AdS part, we have

gmnpst
~AdS! 5eemnpst, ~33!

R~AdS!
mn

ps52
e2

16
~hm

p hn
s2hm

s hn
p!,

~34!

where the indices run over the AdS indices~0 to 4!, and for
the sphere part, we have

gmnpst
~Sph! 5eemnpst, ~35!

R~Sph!
mn

ps5
e2

16
~hm

p hn
s2hm

s hn
p!, ~36!

where the indices now run over the sphere indices~5 to 9!.
The important point about these values is that again, all
tensors are covariantly constant inX-space.

The on-shell superspace description of type IIB stri
theory is related toN52, d510 chiral supergravity@12#.
The superspace has some constrained torsionTAB

C ,, Lorentz
curvatureRAB

cd andU(1) curvatureMAB . Besides, there are
the 3-form FABC , the 5-form GABCD and the scalar field
strengthPA .

In the full non-linear theory there are two superfield

La(X,u,ū) and Zabcde
1 (X,u,ū). All geometric tensors are

functionals of these superfields and their covariant deri
3-4
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VACUA OF M THEORY AND STRING THEORY PHYSICAL REVIEW D58 125003
tives. La(X,u,ū) starts with the dilatino andZabcde
1

51/192Gabcde starts with the self-dual 5-form
1/192gabcde(x). Even though there is only one supermulti
let, the second superfield is not a derivative of the first. T
scalars of this theory belong to the coset space
SU(1,1)/U(1). The construction in fact starts with the su

perfield V(X,u,ū) which is an element ofSU(1,1). From
this aSU(1,1) singletPA is built where the scalars appear.

this form scalars can be found in derivatives ofLa(X,u,ū).
In the linear approximation one can also consider an a

lytic superfield A with D̄aA50 and the constraintD4A

5D̄4Ā. This superfield in the proper basis depends only
half of the components of the superspace. The superinv
ants of the typeR4 can be analyzed as superspace integ
over 16u. The u4 component of this linear superfield is
Weyl tensor. This automatically proves that the higher
mension operator with four powers of the Weyl tensor w
not change the background, which is conformally invaria
@4#. In what follows we will not use the linearized approx
mation and study the full theory.

The first step, as before, is to prove that all the superfie
are supercovariantly constant in this background. For the

perfield La(X,u,ū), the lowest component is the dilatino
which automatically vanishes in this background. The n
component involves the 3-form field strength, which is a
automatically zero. The following component is the graviti
field strength which is also zero. However, at orderu3 in the
superfield, we have a non-trivial expression involving t
curvature. We must show that this expression is zero.

The story is similar for the second superfieldZabcde
1 . The

lowest ~bosonic! component is the 5-form field strength
which, as mentioned before, is covariantly constant in
vacuum. The next component is the gravitino field streng
which vanishes. However, at orderu2, we obtain a non-
trivial expression involving the curvature. Again, we mu
show that this expression is zero.

It is also sufficient to prove that these two problema
expressions vanish. All higher components of these su
fields are related to derivatives of the components alre
referred to. Hence, if we can show that these problem
expressions vanish, we will have shown that the superfi
La is identically zero, and that the superfieldZabcde

1 is su-
percovariantly constant.

Actually, since both these problematic expressions
preceded in the superfield by the gravitino field streng
they are related to each other and to the variation of
gravitino field strength under supersymmetry transform
tions.

We will again use the existence of maximal supersymm
try in this background to help us analyze this situation. T
Killing spinor equation is

dSUSYc r5¹ re2 i
1

192
grabcds

abcde50. ~37!

As in the previous case of M2 and M5 branes near the h
zon, the integrability condition for the existence of such
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spinors for the D3 branes near the horizon was establishe
@15#. This transfers to the statement that for the supersy
metric AdS53S5 vacuum we have

dSUSY¹̂ [ rcs]50. ~38!

This is the integrability condition for the requirement that t
bosonic configuration admits maximal unbroken 3
dimensional supersymmetry.

What we see is that the variation of the gravitino fie
strength vanishes. This also implies that the problematic
pressions in the two superfields also vanish. This then
plies that the superfields are supercovariantly constant.

Let us look at this from the superspace perspective. T
gravitino field strength forms aTab

d component of the torsion
tensor andTbg

d is a function of the form field. The superspac
Bianchi identity defines the fermionic derivative of the to
sion through

Rab,g
d5DgTab

d 1$DaTbg
d 1Tag

eTbe
d

2Tag
ēTbē

d2~a2b!%2 idg
dMab

5
1

4
~scd!g

dRab,cd . ~39!

The termDgTab
d vanishes due to the Killing spinor equatio

the termDaTbg
d vanishes since our form is covariantly co

stant inX space. FinallyMab vanishes for our background
We are left with

Rab,g
d5Tag

eTbe
d2Tag

ēTbē
d2~a2b!5

1

4
~scd!g

dRab,cd .

~40!

This coincides with the integrability condition for the exi
tence of 32 unbroken supersymmetries and proves that

superfieldZabcde
1 (X,u,ū) is covariantly constant and that a

components of the superfieldLa(X,u,ū) vanish.
To prove that the AdS53S5 vacuum is exact we have t

study the possibilities to modify the equations of motion
this vacuum.

The equations of motion are those for the dilatino sup
field and the one for the gravitino as in previous cases. T
equations of motion for bosonic fields come out as so
higher components of these fermionic equations. Follow
the same reasoning as in previous cases we may conc
that higher dimension supersymmetric operators can
modify this vacuum defined by a covariantly constant sup
field.

VI. NEW SUPERGEOMETRIES

In this section, we will present a description of the Ad7
3S4 , AdS43S7 and AdS53S5 geometries in superspace
This provides an invariant description of these geometr
much as the equationRrstu52k2(h rthsu2h ruhst) provides
an invariant description of anti–de-Sitter geometry. We b
gin with the two M-theory solutions.
3-5
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RENATA KALLOSH AND ARVIND RAJARAMAN PHYSICAL REVIEW D 58 125003
In the coordinate system in which the lowest compon
is also independent ofX the superfield is given by a consta
completely antisymmetric tensor, forp52,

Wr̂ŝt̂ û
el.vac

5e r̂ ŝt̂ û , r̂ ,ŝ50,1,2,3. ~41!

and forp55 by a dual one:

Wr̂ŝt̂ û
ma.vac

5 i e r̂ ŝt̂ û . ~42!

These tensors break the structure group of the supers
SO(1,10) to the productSO(1,3)3SO(7) and SO(1,6)
3SO(4), respectively. Now we can give a superspace d
nition of the AdS43S7 and AdS73S4 vacua of M theory
where all components of torsion, curvature and forms
covariantly constant. In addition to the flat superspace st
tures, which are independent onW, we have a few more
X,u-independent components of supercurvature and su
torsion ~we only give the nonzero values!

Tab
r 52

i

2
~g0g r !ab , Frsab52

1

2
~g0g rs!ab , ~43!

Tar
g 5

1

2
Wpstu

vac ~Tr
pstu!a

g , Rab
mn5~g0S!ab

mnuvzwWuvzw
vac ,

~44!

Rrs
bg5

1

4
Rrs

mn~gmn!
bg52@Tr

tuvw ,Ts
xyzp#Wtuvw

vac Wxyzp
vac ,

~45!

where for the constant tensorsWrstu
vac we have to substitute

their values~41! or ~42! for each vacuum. The value of th
spacetime curvature in Eq.~45! precisely shows that the Kill-
ing spinor integrability equation~31! is satisfied since
DrFtuvw50 for both vacua.

For the AdS53S5 background, we have

Tab̄
c

52 i ~sc!ab Fabg52 i ~sa!bg , ~46!

Fab̄ḡ52 i ~sa!bg Gabcab5~sabc!ab , ~47!

Tab
g 5

i

192
~sbcde!b

ggabcde, ~48!

Tab̄
ḡ

5
i

192
~ s̄bcde!b

ggabcde, ~49!

Rab̄,ab52
1

24
~scde!abgabcde, ~50!

Rab,g
d5Tag

eTbe
d2Tag

ēTbē
d2~a2b!. ~51!

VII. DISCUSSION

We have established that the AdSp123Sd2p22 vacua of
M theory and string theory are uncorrected by high
dimension supersymmetric operators. Thus we have th
distinct vacua in M theory, flat superspace, that of the n
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horizon M2 brane and that of the near horizon M5 brane
the string case we have two vacua, the flat superspace
that of the near horizon D3 brane.2 TheX space geometry o
these configurations, AdSp123Sd2p22 with forms was
found in @17#. Here we found the supergeometry of the
three vacua of M theory and two vacua of string theo
Since all the components of torsion and curvature in sup
space for all these vacua are found to be supercovaria
constant~and actually constant in the coordinate system
lated to the near horizon geometry of branes! we concluded
that there are no corrections modifying such vacua.

Although we have established that the form of the geo
etry is unchanged, we cannota priori exclude a change in
the values of the parameters. We believe, however, tha
these cases, the Dirac quantization condition fixes the flu
the field strength through the sphere to be an integer,
thus the flux should not be affected by small deformatio
This fixes the parameters of the solution in terms of
Planck length. In addition, the Planck length may itself
renormalized from its bare value, because we cannot
clude, via this analysis, the appearance in the effective ac
of terms proportional to the original equations of motio
~which vanish on shell!.

In even dimensions for the self-dual vacuaAdS53S5 and
AdS23S2 the transformation of the gravitino field streng
can be brought to a form which depends on the Weyl ten
and derivatives of the form field. In particular it means th
Eq. ~40! can be rewritten using Einstein’s equation and o
finds that it is equivalent to the vanishing of the Weyl tens
It is then simple to observe that it isthe conformal flatness o
these vacuaand the fact that the form is constant, whic
force the superfields to be supercovariant. This was the
gument used in@10,11# with respect to Bertotti-Robinson
vacuum and for the analysis ofR4 terms in@4#. Now how-
ever we see that this is only a part of a larger picture:in odd
dimension where there are both electric as well as magn
supersymmetric vacua which are dual to each other, the m
ric of AdSp123Sd2p22 is not conformally flat@18#. Still the
integrability condition for the existence of themaximal un-
broken supersymmetryas shown e.g. in the M-theory case
Eq. ~28! provides the crucial vanishing of the component
the basic superfield depending on the curvature.

Given the strong argument for the exactness of b
the maximally supersymmetric flat superspa
SO(1,d21)-symmetric vacuum and the compactified on
with SO(1,p11)3SO(d2p23) symmetry, it is tempting
to speculate that the branes which according to@17# interpo-
late between these vacua may also be proven to be e
This however may be more difficult to establish since on
1/2 of unbroken supersymmetry is available. The second
of supersymmetries which are broken generate ultras
multiplets, and all relevant superfields are not covarian
constant but ultrashort~depend on half ofu’s!. Recently an
absence of corrections fromR4 terms to equations for

2It has been anticipated in@16# that the exactness of AdS53S5

may be derived using 32 unbroken supersymmetries.
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Reissner-Nordstrom black holes inN52, d54 supergravity
without matter multiplets was demonstrated in@19#, using
the relation between theWab superfield of Poincare´ super-
gravity and the unconstrained superfieldV of conformal su-
pergravity.
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