The geometry and landscape of
Supergravity




From strings to supergravity

Landscape of vacua of string theories 1s a landscape
of supergravities

The basic string theories have a supergravity as field
theory approximation

Also after the choice of a compact manifold one 1s
left with an effective lower dimensional supergravity
with number of supersymmetries determined by the
Killing spinors of the compact manifold

Fluxes and non-perturbative effects lead to gauged
supergravities

Not every supergravity 1s interpretable in terms of
strings and branes (yet).



This talk

Overview of possibilities. Where are we ?
Structure of supergravity theories

Which data completely determine a supergravity
theory ?

The description of supergravities can be simplified.
(rigid supersymmetry 1s so much simpler and transparant due
to superspace description; the conformal approach allows one
to re-interpret supergravity as a covariantized rigid theory)

Examples:
stable de Sitter vacua in 5 dimensions



Plan

The classification of ‘non-gauged” supergravity
theories

Gauged supergravity theories
Simplification by a parent rigid susy theory
(using superconformal 1deas)

Example: Stable de Sitter vacua from
supergravity in 5 dimensions

Final remarks



The c of

d’ sup eories

n lassific
n Supergravities by dimension and extension
n Structure of the action

n R-symmetry

n Kinetic terms :
Geometry of the scalar manifolds
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The map: dimensions and # of supersymmetries
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What 1s determined / to be determined ?

n 322 Q > 8: Once the field content 1s determined:
Kinetic terms determined.
Gauge group and its action on scalars
(covariantization) to be determined.
Potential depends on this gauging

n Q = 8: kinetic terms to be determined
Gauge group and its action on the scalars to be
determined.
Potential depends on this gauging

n Q=4:(d=4, N=1): potential depends moreover on
a superpotential function W.
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uxes for stabilisation of moduli)

n Isometries and their embedding in the gauge

group
n Gauged R-symmetry

n The potential
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ent rigid

n The geometries of supergravity by gauge
fixing those of rigid supersymmetry

n Isometries and R-symmetry
n The potential



Rigid supersymmetry
n Difference: the concept of multiplets 1s clear

in susy, they are mixed 1n supergravity

n Supertields are an easy conceptual tool
n Gravity can be obtained by starting with
conformal symmetry and gauge fixing.

n Before gauge fixing: everything looks like
in rigid supersymmetry + covariantizations


















B. de Wit, S.Vandoren, series of papers, €.g2. 9909228

E. Bergshoeff, S. Cucu, T. de Wit, J. Gheerardyn, S. Vandoren, AVP,
“The map between conformal hypercomplex/hyper-Kéahler and
quaternionic(-Kihler) geometry’, 0411209
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4. Example: StabledcSutter vacua
rom S5 d supergravity

n A few models have been found in d=5, N=2 (Q=8)
that allow de Sitter vacua where the potential has a

minimum at the critical point [ B. Cosemans, G. Smet, 0502202

n A few years ago similar models where found for d=4,
N=2 P. Fre, M. Trigiante, AVP, 0205119

n These are exceptional: apart from these constructions
all de Sitter extrema in theories with 8 or more
supersymmetries are at most saddle points of the
potential









—

vV = _act/Kp, P, . By, P; = (0,0, g¢)




hO [(hl)Q . (h2)2 . (h3)2} —1

— V(T) 4+ V(V)

2 (1N2 _ (42Y2
9= (¢7)7 = (¢)% | 5 2,2
A L 3
18 |l¢l|° o

(¢1)? — (9%)? — (¢°)?




5. Final remarks

A classification of the landscape of all supergravities 1s
not yet completed, but basic principles are known.

With the restrictions that we have imposed, the possible
gaugings still have to be discussed.
Which gaugings produce positive definite kinetic terms ?

Dualities between multiplets do not hold for gauged
supergravities. What 1s a complete set of theories ?

It may be good to construct an inventory of known
theories: actions — transformation laws — field equations

More ambitious: solutions, relations by compactification



