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Theory and similar unification schemes that include gravity.

The state is the most important state of any Quantum Field Theory: its
symmetries determine all the kinematic properties: the possible conserved charges
and the spectrum of allowed particles.

In a theory that includes gravity the same is still true and, further, it fixes the scale
of energy.

In Kaluza-Klein theories, the symmetries of the state also determine the
interactions.

However, in theories that include gravity, the energies of different cannot be
compared and it is not known how the vacuum is chosen, and, therefore, why our
Universe is the way it is.

This is an old and very well known problem. It is also of crucial importance. And it

is still UNSOLVED.
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In this approach, our Universe is the way it is because the probability of this kind of
Universe is overwhelming.

Of course, this way of thinking can be combined with different forms of the Anthropic
Principle.

In this talk we are going to review some recent results on the of

supersymmetric String Theory and new techniques that can be used to find them,
with N =1,2,d =4 SUGRA examples.

But, first, we are going to review briefly how we have come to consider this scenario in
our quest for UNIFICATION.
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Unification has been one of the most fruitful guiding principles in our search for the

fundamental components and forces if the Universe. It is also a logical necessity for
it.

Let’s review first how the pursuit of unification has led to the (key, but yet unsolved)

and this to the idea of landscape.
There have been many instances of unification:

Faraday,Maxwell
—

Electricity €@ Electromagnetism

0| -E7

E *

Required by the Special Theory of Relativity just as Newtonian gravity and
gravitomagnetism are combined in General Relativity.
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Required by the Quantum Mechanics, it is of a completely different nature. There is
not enhancement of symmetry involved.

Kaluza,Klein,Einstein . . . . :
P — Gravity in higher dimensions

k° |

— (9an)

This unsuccessful attempt has some differences with the electromagnetic unification:

wm There is enhancement of local symmetry from g.c.t.’s in d = 4 to g.c.t.’s in d = 5,
but this symmetry is spontaneously broken (in modern parlance) to g.c.t.’s in d = 4
and U(1) due to the (completely ) choice of . The rule is always:

global symmetry of the ~ local symmetry of the reduced theory.
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The extraordinary success of this model has made of it the of unification
schemes.
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P — Superfields
This is a new kind of unification based in an enhancement of (global spacetime) symmetry

to supersymmetry, which should also be spontaneously broken by a yet unknown
super-Higgs mechanism.

m This new symmetry can be combined with Yang-Mills-type symmetries
(super-Yang-Mills theories) and with GUT models in which, in some cases, unification
of coupling constants can be achieved.

w It is the most general extension of the Poincaré and Yang-Mills symmetries of the
S-matrix (Haag-Lopuszanski-Sohnius).

w Tt can also be combined with g.c.t.’s, making it local (supergravity theories). We can

have supergravity theories with Yang-Mills fields etc. etc. But in most of these theories
gravity is not unified with the other interactions.
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all interactions would be described in a unified way.
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explain and it is selected.
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There has not been real progress in the second direction for many years. This has lead
to an /anthropical approach to the problem which requires the knowledge of
the space of M theory a.k.a. landscape.

In the original proposal, only with 4 noncompact spacetime dimensions and 6
space dimensions compactified in a Calabi-Yau space (which gives N =1,d =4
supergravities) were considered.

But this is only a (computationally necessary) simplification of the genuine problem in
which
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Generically, the supersymmetry transformations take the form

0’ ~ ép? dep? ~ Be + ¢le.

Then, a bosonic configuration (¢/ = 0) will be invariant under the infinitesimal
supersymmetry transformation generated by the parameter ¢“(x) if it satisfies the

Killing spinor equations (one for each f)

S ~ e+ dPe=0.

(2)
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variant under some supersymmetry transformations.

Generically, the supersymmetry transformations take the form
8eg” ~ €p? Je¢p) ~ Be+ @€ (1)

Then, a bosonic configuration (¢/ = 0) will be invariant under the infinitesimal
supersymmetry transformation generated by the parameter ¢“(x) if it satisfies the
Killing spinor equations (one for each f)

5! ~ Oe+ e =0. (2)

This is a generalization of the concept of isometry, an infinitesimal general
coordinate transformation generated by £ (x) that leaves the metric g,,,, invariant

because it satisfies the Killing (vector) equation

559/“/ = ZV(Mfy) =0. (3)
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The supersymmetries are associated to the odd generators
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of a superalgebra
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Kaluza-Klein principle:
These global supersymmetries of the solution become the local
supersymmetries of the supergravity built on it.

When the supersymmetric solution has a clear (possibly ) product
structure we distinguish internal and spacetime symmetries
spontaneous compactification.
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Not all supersymmetric bosonic field configurations satisfy the classical
p— — b
5 =0 — S,b|¢f:0 — S(Qb )

Actually, the bosonic equations of motion of supersymmetric bosonic field
configurations satisty the so-called Killing spinor identities®.

bosonic equations of motion 5‘%

The supersymmetry invariance of the action implies

5.S — /dd:zc (846:0° + S 4 6:.07) =0,

2R. Kallosh & T.0O. (1993), J. Bellorin & T.O. (2005)
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rations ¢° for which a SUGRA’s Killing spinor equations
b
56¢fy¢fzo ~ Oe+ ¢’e =0,

have a solution ¢, (i.e. all the possible supersymmetric bosonic field configurations
¢"), which includes all the possible supersymmetric and compactifications.

f S\

\uﬁ ‘< Q ) @/

Not all supersymmetric bosonic field configurations satisfy the classical
p— — b
5 =0 — S,b|¢f:0 — S(Qb )

Actually, the bosonic equations of motion of supersymmetric bosonic field
configurations satisty the so-called Killing spinor identities®.

bosonic equations of motion 5‘%

The supersymmetry invariance of the action implies after taking the functional
derivative w.r.t. fermions and setting them to zero

(95 ),fl =0,

$7=0

o :{ /dd:v (S 0.0 + S s 6.07) }

7f1

2R. Kallosh & T.0O. (1993), J. Bellorin & T.O. (2005)
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Many terms vanish automatically because they are odd in fermion fields ¢/

5€¢b‘¢f:0 — S,flqsf:o — (5€¢f),f1‘¢f:0 =0,
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and we get

{Sab (5€¢b),f1 + S,ffl 5€¢f}’¢f:0 =0.

This is valid for any fields ¢° and any supersymmetry parameter e. For a
supersymmetric field configuration € is a Killing spinor §.¢”7 ‘ 57 =0 and we obtain the

Killing spinor identities

g(qbb) (5€¢b),f1 ’q;f:() =0.
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Many terms vanish automatically because they are odd in fermion fields ¢/

and we get

{Sab (5€¢b),f1 + S,ffl 5€¢f}’¢f:0 =0.

This is valid for any fields ¢° and any supersymmetry parameter e. For a
supersymmetric field configuration € is a Killing spinor §.¢”7 ‘ 57 =0 and we obtain the

Killing spinor identities

g(qbb) (5€¢b),f1 ’¢f:0 =0.

These identities are linear relations between the bosonic equations of
motion and can be used to solve Tod’s problem, obtain BPS bounds etc. Let’s see
some examples.
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N =1,d = 4 supergravity

Its field content is {e“,, %, }. The bosonic action is just the Einstein-Hilbert action
Slwuzo - /d4x \ ‘g’ R7 = ga'u(e) ~ Ga'ua

and the supersymmetry transformations are
dee”, = —iey* Y, , Sethy = Ve = Oue — 1w, P yape.
The K.S.1.s are
—iev"G," =0, = R=0, —ieny"R," =0.
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N =1,d = 4 supergravity

Its field content is {e“,, %, }. The bosonic action is just the Einstein-Hilbert action
Slwuzo - /d4gc \ ‘g’ R7 = ga“(e) ~ Ga'ua

and the supersymmetry transformations are
dee”, = —iey* Y, , dety = Ve = 0pe — iwuab’yabe.
The K.S.I.s are
—iev"G," =0, = R=0, —ieny"R," =0.
The integrability conditions of the Killing spinor equation 6.1, = 0 are

V., V.]e = —iRWabfyabe =0, = R'.7/%=0.
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N =1,d = 4 supergravity

Its field content is {e“,, %, }. The bosonic action is just the Einstein-Hilbert action
Slwuzo - /d4gc \ ‘g’ R? = ga“(e) ~ Ga'ua

and the supersymmetry transformations are
dee”, = —iey* Y, , Sethy = Ve = Oue — 1w, P yape.
The K.S.I.s are
—iev'G," =0, = R=0, —ien"R," =0.
The integrability conditions of the Killing spinor equation 6.1, = 0 are
V., V.]e = —iRWab*yabe =0, = R".y%¢=0.

The K.S.I.s are contained in the integrability conditions.
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Supersymmetry and the Supergravity Landscape

N =1,d = 4 supergravity

Its field content is {e“,, %, }. The bosonic action is just the Einstein-Hilbert action
Slwuzo - /d4gc \ ‘g’ R? = ga“(e) ~ GCL“:

and the supersymmetry transformations are
dee”, = —iey* Y, , Sethy = Ve = Oue — 1w, P yape.
The K.S.I.s are
—iev"G," =0, = R=0, —ieny"R," =0.
The integrability conditions of the Killing spinor equation 6.1, = 0 are
V., V.]e = —iRWab*yabe =0, = R'.7/%=0.

The K.S.I.s are contained in the integrability conditions.
We will see later how to obtain more information from these identities.
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Supersymmetry and the Supergravity Landscape

N = 2,d = 4 supergravity

Its field content is {e“,, A,,v,}. The bosonic action is just the Einstein-Maxwell
action

Sl s :/d%m R-1F% | =

Ea'(e) = —2{G." - 3T."},

EH(A) Vo FoH
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Supersymmetry and the Supergravity Landscape

N = 2,d = 4 supergravity

Its field content is {e“,, A,,v,}. The bosonic action is just the Einstein-Maxwell
action

Sl s :/d%m R-1F% | =

Efe) = —2{G." —3T."},

EH(A) Vo FoH

and the supersymmetry transformations are

~

dce”, = —iey*, +cc., O.A, =—2iep,+cc.. b, =V,e— %Fabfyabe =D,e.
The K.S.1.s are
e{& (e)y* +2EH(A)} =0.
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Supersymmetry and the Supergravity Landscape

N = 2,d = 4 supergravity

Its field content is {e“,, A,,1,}. The bosonic action is just the Einstein-Maxwell
action

El(e) = —2{G.* - 3T."},

4 2
S]wuzoz/d w/]g] [R—1F%, = o M
= VaFo*,

and the supersymmetry transformations are

~

dce”, = —iey*, +cc., O.A, =—2iep,+cc.. b, =V,e— %Fabfyabe =D,e.
The K.S.1.s are
e{& (e)y* +2EH(A)} =0.

The integrability conditions of the Killing spinor equation 6.1, = D, e = 0 are

Dy, Dule = =2 {[Ru® — e*uT0)"] Yab + V* (Fpuw + *Fuuys) Ya b €= 0,

= (&’ (e)y® +2[87(A) + B (A)ys]}e = 0.
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c c v~/ ® Tod’s problem . 11

(1983) Tod showed in that in NV = 2,d = 4 SUGRA the = e Solvingit . ... 15

problem could be completely solved using just integra- B
bility and consistency conditions. & © @ 9 o

However, he used the Newmann-Penrose formalism, unknown to most particle
physicists and suited only for d = 4.
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c c v~/ ® Tod’s problem . 11

(1983) Tod showed in that in NV = 2,d = 4 SUGRA the = e Solvingit . ... 15

problem could be completely solved using just integra- B
bility and consistency conditions. & © @ 9 o

However, he used the Newmann-Penrose formalism, unknown to most particle
physicists and suited only for d = 4.

(1995) Tod solved partialy the problem in N =4,d =4 SUGRA.
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v : Susy Solutions . 9

c c v~/ ® Tod’s problem . 11

(1983) Tod showed in that in NV = 2,d = 4 SUGRA the = e Solvingit . ... 15

problem could be using just integra- B
bility and consistency conditions. & © @ 9 o

However, he used the Newmann-Penrose formalism, unknown to most particle
physicists and suited only for d = 4.

(1995) Tod solved partialy the problem in N =4,d =4 SUGRA.

(2002) Gauntlett, Gutowski, Hull, Pakis & Reall proposed to the
Killing spinor equation to language. They solved N =1,d =5 SUGRA.
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c c v~/ ® Tod’s problem . 11

(1983) Tod showed in that in NV = 2,d = 4 SUGRA the = e Solvingit . ... 15

problem could be using just integra- B
bility and consistency conditions. & © @ 9 o

However, he used the Newmann-Penrose formalism, unknown to most particle
physicists and suited only for d = 4.

(1995) Tod solved partialy the problem in N =4,d =4 SUGRA.

(2002) Gauntlett, Gutowski, Hull, Pakis & Reall proposed to the
Killing spinor equation to language. They solved N =1,d =5 SUGRA.
(2002) Gauntlett & Gutowski N =1,d =5 SUGRA.
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(1983) Tod showed in that in NV = 2,d = 4 SUGRA the = e Solvingit . ... 15

problem could be using just integra- B
bility and consistency conditions. & © @ 9 o

However, he used the Newmann-Penrose formalism, unknown to most particle
physicists and suited only for d = 4.

(1995) Tod solved partialy the problem in N =4,d =4 SUGRA.

(2002) Gauntlett, Gutowski, Hull, Pakis & Reall proposed to the
Killing spinor equation to language. They solved N =1,d =5 SUGRA.
(2002) Gauntlett & Gutowski N =1,d =5 SUGRA.

(2003) Gutowski, Martelli & Reall and Chamseddine, J. Figueroa-O’Farrill &
Sabra N = (1,0),d = 6 SUGRA.
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c c v~/ ® Tod’s problem . 11

(1983) Tod showed in that in NV = 2,d = 4 SUGRA the = e Solvingit . ... 15

problem could be using just integra- B
bility and consistency conditions. & © @ 9 o

However, he used the Newmann-Penrose formalism, unknown to most particle
physicists and suited only for d = 4.

(1995) Tod solved partialy the problem in N =4,d =4 SUGRA.

(2002) Gauntlett, Gutowski, Hull, Pakis & Reall proposed to the
Killing spinor equation to language. They solved N =1,d =5 SUGRA.
(2002) Gauntlett & Gutowski N =1,d =5 SUGRA.

(2003) Gutowski, Martelli & Reall and Chamseddine, J. Figueroa-O’Farrill &
Sabra N = (1,0),d = 6 SUGRA.

(2003) Caldarelli & Klemm N =2,d =4 SUGRA.
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problem could be using just integra- N
bility and consistency conditions. & © @ 9 o

However, he used the Newmann-Penrose formalism, unknown to most particle
physicists and suited only for d = 4.

(1995) Tod solved partialy the problem in N =4,d =4 SUGRA.

(2002) Gauntlett, Gutowski, Hull, Pakis & Reall proposed to the
Killing spinor equation to language. They solved N =1,d =5 SUGRA.
(2002) Gauntlett & Gutowski N =1,d =5 SUGRA.

(2003) Gutowski, Martelli & Reall and Chamseddine, J. Figueroa-O’Farrill &
Sabra N = (1,0),d = 6 SUGRA.

(2003) Caldarelli & Klemm N =2,d =4 SUGRA.

(2004) Gutowski & Reall and (2005) Gutowski & Sabra N=1,d=5
SUGRA coupled to Abelian vector multiplets.
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v: Susy Solutions . 9
(1983) Tod showed in that in NV = 2,d = 4 SUGRA the Yo Sotvinpie 15
problem could be using just integra- N
bility and consistency conditions. & © @ 9 o

However, he used the Newmann-Penrose formalism, unknown to most particle
physicists and suited only for d = 4.

(1995) Tod solved partialy the problem in N =4,d =4 SUGRA.

(2002) Gauntlett, Gutowski, Hull, Pakis & Reall proposed to the
Killing spinor equation to language. They solved N =1,d =5 SUGRA.
(2002) Gauntlett & Gutowski N =1,d =5 SUGRA.

(2003) Gutowski, Martelli & Reall and Chamseddine, J. Figueroa-O’Farrill &
Sabra N = (1,0),d = 6 SUGRA.

(2003) Caldarelli & Klemm N =2,d =4 SUGRA.

(2004) Gutowski & Reall and (2005) Gutowski & Sabra N=1,d=5
SUGRA coupled to Abelian vector multiplets.

(2005) Bellorin & T.O. N =4,d = 4 SUGRA.
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assumption: the existence of Killing spinor e.
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There is by now a well-defined to attack this problem starting with only one
assumption: the existence of Killing spinor e.
Translate the Killing spinor equations and K.S.I.s into equations.

With the Killing spinor € one can construct scalar, vector, and p- form bilinears
M ~ ¢, 'V, ~eéyue,--- that are related by Fierz identities and satisfy

equivalent equations:

Scthy =Dpe= [V, +Q]e=0, = V,M+2Q0,M =0,
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With the Killing spinor € one can construct scalar, vector, and p- form bilinears
M ~ ¢, 'V, ~eéyue,--- that are related by Fierz identities and satisfy

equivalent equations:
Scthy =Dpe= [V, +Q]e=0, = V,M+2Q0,M =0,

One of the vector bilinears (say V),) is always a Killing vector which can be
or . These two cases are treated separatelly.
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There is by now a well-defined to attack this problem starting with only one
assumption: the existence of Killing spinor e.
Translate the Killing spinor equations and K.S.I.s into equations.

With the Killing spinor € one can construct scalar, vector, and p- form bilinears
M ~ ¢, 'V, ~eéyue,--- that are related by Fierz identities and satisfy
equivalent equations:

Sty = Dye = [V +Qle=0, = V,M+20,M=0,---
One of the vector bilinears (say V),) is always a Killing vector which can be

or . These two cases are treated separatelly.

One can get an expression of all the gauge field strengths of the theory (the
main ingredient of (1,) in terms of the scalar bilinears // and the Killing vector
V), from equations.
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One of the vector bilinears (say V),) is always a Killing vector which can be

or . These two cases are treated separatelly.

One can get an expression of all the gauge field strengths of the theory (the
main ingredient of (1,) in terms of the scalar bilinears // and the Killing vector
V), from equations.

The Maxwell equations and Bianchi identities are imposed on those field
strengths, getting equations for the scalar bilinears.
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There is by now a well-defined to attack this problem starting with only one
assumption: the existence of Killing spinor e.
Translate the Killing spinor equations and K.S.I.s into equations.

With the Killing spinor € one can construct scalar, vector, and p- form bilinears
M ~ ¢, 'V, ~eéyue,--- that are related by Fierz identities and satisfy

equivalent equations:
Sty = Dye = [V +Qle=0, = V,M+20,M=0,---
One of the vector bilinears (say V),) is always a Killing vector which can be

or . These two cases are treated separatelly.

One can get an expression of all the gauge field strengths of the theory (the
main ingredient of (1,) in terms of the scalar bilinears // and the Killing vector
V), from equations.

The Maxwell equations and Bianchi identities are imposed on those field
strengths, getting equations for the scalar bilinears.

The Einstein equations are imposed and the K.S.1.s used to find relations
between scalar bilinears and metric components.
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There is by now a well-defined to attack this problem starting with only one
assumption: the existence of Killing spinor e.
Translate the Killing spinor equations and K.S.I.s into equations.

With the Killing spinor € one can construct scalar, vector, and p- form bilinears
M ~ ¢, 'V, ~eéyue,--- that are related by Fierz identities and satisfy

equivalent equations:
Scthy =Dpe= [V, +Q]e=0, = V,M+2Q0,M =0,

One of the vector bilinears (say V),) is always a Killing vector which can be
or . These two cases are treated separatelly.

One can get an expression of all the gauge field strengths of the theory (the
main ingredient of (1,) in terms of the scalar bilinears // and the Killing vector
V), from equations.

The Maxwell equations and Bianchi identities are imposed on those field
strengths, getting equations for the scalar bilinears.

The Einstein equations are imposed and the K.S.1.s used to find relations
between scalar bilinears and metric components.

Let us see some examples.
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N = 1,d = 4 supergravity

With one (Majorana) Killing spinor € one can only construct a real vector bilinear
V., which is null.
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With one (Majorana) Killing spinor € one can only construct a real vector bilinear
V,, which is null. V), is also covariantly constant:

oY, =Vyue=0, =V, V, =0, RFYV" =0, (eR',7y"e=0).
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Supersymmetry and the Supergravity Landscape

N = 1,d = 4 supergravity

With one (Majorana) Killing spinor € one can only construct a real vector bilinear
V,, which is null. V), is also covariantly constant:

oY, =Vyue=0, =V, V, =0, RFYV" =0, (eR',7y"e=0).

All the metrics with covariantly constant null vectors are Brinkmann pp-waves and
have the form

ds® = 2du(dv + Kdu + Aidz’) + giydz'da’

where all the components are independent of v V"0, = 9/0wv.
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Supersymmetry and the Supergravity Landscape

N = 1,d = 4 supergravity

With one (Majorana) Killing spinor € one can only construct a real vector bilinear
V,, which is . V), is also covariantly constant:

oY, =Vyue=0, =V, V, =0, RFYV" =0, (eR',7y"e=0).

All the metrics with covariantly constant null vectors are Brinkmann pp-waves and
have the form

ds® = 2du(dv + Kdu + Aidz’) + giydz'da’

where all the components are independent of v V"0, = 9/0wv.

These metrics are the supersymmetric field configurations of
N =1,d =4 SUGRA, but only those with R,, = 0 are
supersymmetric solutions.
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N = 2,d = 4 supergravity

1

With two Weyl spinors ¢° one can construct the following independent bilinears

e A complex scalar é' ¢’/ = Me!/

o A Hermitean matrix of null vectors (4) V', = ie vy, e,
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Supersymmetry and the Supergravity Landscape

N = 2,d = 4 supergravity

1

With two Weyl spinors ¢° one can construct the following independent bilinears

e A complex scalar é' ¢’/ = Me!/

o A Hermitean matrix of null vectors (4) V', = ie vy, e,
The Killing spinor equations imply the following equations for the bilinears:

V.M ~ Ft,VI",

VMVIJV ~ 5IJ[MF+W/—|—M*F_W/]—(I)KJ(MPFEKIF_ (I)IK(M|p€KJF+|

v)p v)p

so V* = V! is Killing and the other three are exact forms. V"V, ~ |M|* > 0 can
be timelike or null.
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N = 2,d = 4 supergravity

1

With two Weyl spinors ¢ one can construct the following independent bilinears

e A complex scalar é' ¢’/ = Me!/

o A Hermitean matrix of null vectors (4) V', = ie vy, e,

The Killing spinor equations imply the following equations for the bilinears:

V.M ~ Ft,VI",

VMVIJV ~ 5IJ[MF+W/—|—M*F_W/]—(I)KJ(MPFEKIF_ (I)IK(M|p€KJF+|

v)p v)p

so V* = V! is Killing and the other three are exact forms. V"V, ~ |M|* > 0 can
be timelike or null.

When it is timelike, V*0,, = \/58/ Ot and
Ft ~ |M|7{V AdM +3i*[V AdM]},

ds? = |M|*(dt+ w)? — |M|"2dZ?,
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Supersymmetry and the Supergravity Landscape

N = 2,d = 4 supergravity

1

With two Weyl spinors ¢ one can construct the following independent bilinears

e A complex scalar é' ¢’/ = Me!/

o A Hermitean matrix of null vectors (4) V', = ie vy, e,

The Killing spinor equations imply the following equations for the bilinears:

V.M ~ Ft,VI",

VMVIJV ~ 5IJ[MF+W/—|—M*F_W/]—(I)KJ(MPFEKIF_ (I)IK(M|p€KJF+|

v)p v)p o

so V* = V! is Killing and the other three are exact forms. V"V, ~ |M|* > 0 can
be timelike or null.

When it is timelike, V*0,, = \/58/ Ot and
Ft ~ |M|7{V AdM +3i*[V AdM]},

ds? = |M|*(dt+ w)? — |M|"2dZ?,

SUSY = dw = i|M|?*[MdM* —c.c] ,
Solutions= V2M~' =0 . (Israel-Wilson-Perjes)
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We have shown how Tod’s problem can be solved in a systematic way, at least in
N =1,2,d = 4. (There is a lot of work in d = 10,11 with only partial results so far
which should be more relevant to the landscape problem).
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We have shown how Tod’s problem can be solved in a systematic way, at least in
N =1,2,d = 4. (There is a lot of work in d = 10,11 with only partial results so far

which should be more relevant to the landscape problem).

We have shown how to obtain and exploit the Killing spinor identities and how they
imply the existence of only a few simple independent equations.
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We have shown how Tod’s problem can be solved in a systematic way, at least in
N =1,2,d = 4. (There is a lot of work in d = 10,11 with only partial results so far
which should be more relevant to the landscape problem).

We have shown how to obtain and exploit the Killing spinor identities and how they
imply the existence of only a few simple independent equations.

It can be shown that Tod’s problem can be also solved pure N =4,d =4
supergravity using the same systematic techniques.
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We have shown how Tod’s problem can be solved in a systematic way, at least in
N =1,2,d = 4. (There is a lot of work in d = 10,11 with only partial results so far
which should be more relevant to the landscape problem).

We have shown how to obtain and exploit the Killing spinor identities and how they
imply the existence of only a few simple independent equations.

It can be shown that Tod’s problem can be also solved pure N =4,d =4
supergravity using the same systematic techniques.

Analogous techniques could be used for generic N = 2,d = 4 theories and for
matter-coupled N = 4,d = 4 supergravity.
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We have shown how Tod’s problem can be solved in a systematic way, at least in
N =1,2,d = 4. (There is a lot of work in d = 10,11 with only partial results so far
which should be more relevant to the landscape problem).

We have shown how to obtain and exploit the Killing spinor identities and how they
imply the existence of only a few simple independent equations.

It can be shown that Tod’s problem can be also solved pure N =4,d =4
supergravity using the same systematic techniques.

Analogous techniques could be used for generic N = 2,d = 4 theories and for
matter-coupled N = 4,d = 4 supergravity.

Work on the last topics is in progress.
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