
planck06 Paris- June 2006

Superfield reduction
of 5D orbifoldSUGRA
and heterotic M-theory

Filipe Paccetti Correia

Centro de Fı́sica do Porto

in collaboration with:

Michael G Schmidt
&

Zurab Tavartkiladze

-hep-th/0602173-

F. Paccetti Correia, June 2006 –1–



planck06 Paris- June 2006

Plan of the talk . . .Plan of the talk . . .Plan of the talk . . .

• Motivation

• 5D supergravity in (N=1) superfields

• Reduction to 4 dimensions

F. Paccetti Correia, June 2006 –2–



planck06 Paris- June 2006

Plan of the talk . . .Plan of the talk . . .Plan of the talk . . .
• Motivation

• 5D supergravity in (N=1) superfields

• Reduction to 4 dimensions

F. Paccetti Correia, June 2006 –2-a–



planck06 Paris- June 2006

Plan of the talk . . .Plan of the talk . . .Plan of the talk . . .
• Motivation

• 5D supergravity in (N=1) superfields

• Reduction to 4 dimensions

F. Paccetti Correia, June 2006 –2-b–



planck06 Paris- June 2006

Plan of the talk . . .Plan of the talk . . .Plan of the talk . . .
• Motivation

• 5D supergravity in (N=1) superfields

• Reduction to 4 dimensions

F. Paccetti Correia, June 2006 –2-c–



planck06 Paris- June 2006 motivation

MotivationMotivationMotivation
The last years interest on 5D Brane-world models may be traced back to the work of

Hořava-Witten (’96) on the S1/ � 2 compactification of 11D supergravity (M-theory), and its

further compactification to 5D. This work motivated the study of a number of issues in 5D

orbifolds:

◦ Supersymmetry breaking mediation

◦ Solution to the hierachy problem: the Randall-Sundrum model

◦ New perspectives for cosmology: Brane-inflation

◦ Also: orbifold Grand Unified Theories; fermionic hierarchies; the Higgs as a Wilson-line...
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To ensure the supersymmetry of bulk/brane system it is usefull to have an off-shell

formulation of supersymmetry. Otherwise it might become a tedious occupation to check

the supersymmetry of the action as we add new brane localized interactions.

◦ An off-shell formulation of rigid supersymetry in terms of N=1 superfields was proposed

by Arkani-Hamed et al.(’01) and then worked out by Martı́ & Pomarol, and Hebecker (’01).

Only half of the (N=2) 5D bulk supersymmetries is manifest: but these are the

supersymmetries which survive on the 4D boundary planes!

➺ Yet, for a host of interesting applications (moduli stabilization or inflationary cosmology) it

is necessary to go beyond the global limit → An off-shell description of 5D supergravity in

the orbifold is needed.

◦ In this talk → we present a (conformal) N=1 superfield formulation of [part of] the

couplings of 5D vector and hypermultiplets to 5D supergravity. In the global limit it

reproduces the expressions of Arkani-Hamed et al., Martı́ & Pomarol and Hebecker. In

components it reduces to the off-shell action of Fujita, Kugo and Ohashi (’01,’02).
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5D SUGRA in superfields5D SUGRA in superfields5D SUGRA in superfields
Recall the couplings of abelian vector multiplets and hypermultiplets in 5D (conformal)

supergravity, in superfield description.

◦ 5D vectors reduce to 2 superfields I = (V I ,ΣI). 5D hypermultiplets reduce to

= (H,Hc). For simplicity consider one compensator hypermultiplet and one

physical hypermultiplets = (H,Hc).

◦ The total Lagrangian is LD + LV + LH :

LD = −3

∫

d4θN (Vy)
1
3

[

h+h+ hc+hc −H+e−gIV I

H −Hc+egIV I

Hc
]

2
3

,

LV =
1

4

∫

d2θ
(

−N IJ(Σ)WαIWJ
α + · · ·

)

+ h.c.,

LH = −2

∫

d2θ hc∂yh+ 2

∫

d2θHc(∂y − gIΣ
I)H + h.c.

Here the H is charged under a combination of the abelian gauge symmetries.
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Explain these expressions:

LD = −3

∫

d4θN (Vy)
1
3

[

h+h+ hc+hc −H+e−gIV I

H −Hc+egIV I

Hc
]

2
3

,

LV =
1

4

∫

d2θ
(

−N IJ(Σ)WαIWJ
α + · · ·

)

+ h.c.,

LH = −2

∫

d2θ hc∂yh+ 2

∫

d2θHc(∂y − gIΣ
I)H + h.c.

◦ WαI is the usual chiral superfield strength, while

V I
y = ΣI + ΣI+ − ∂yV

I .

Couplings are set by the cubic norm function N = κ5cIJKV
I
y V

J
y V

K
y .

➺ To obtain these expressions we used: (i) intuition from well-known global susy

expressions; (ii) N = 1 superfields identified by [Kugo, Ohashi ’02]; (iii)Weyl weights of

those superfields to restrict possible interactions.

➺ In rigid limit we recover Marti & Pomarol; expanding in components we obtain much of

component action of Fujita et al.
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Supersymmetric warped modelsSupersymmetric warped modelsSupersymmetric warped models

◦ The Randall-Sundrum (RS) model is the simplest of all models which give rise to warped

metrics of the type

ds25 = e2σ(y)ds24 + (e5y)2 dy2,

where ds24 is the Minkowski 4D metric.

◦ We have 1 gravity multiplet, 1 compensator hypermultiplet

h = e3σ(y)/2κ−1
5 + θ2Fh, hc = θ2 F c

h;

and the graviphoton vector multiplet (V 0,Σ0)

V = θ̄σµθ eσ(y)Aµ + θ̄2θ2D, Σ0 =
1

2
(e5y +A0

y) + θ2 FΣ.
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◦ To obtain warped models in the 5D orbifold, it is necessary to gauge an U(1)R symmetry

with an odd coupling.

In the superconformal formalism this means that the compensator hypermultiplet (h, hc)

is charged under the U(1)R gauged by the graviphoton/radion multiplet

h→ e(3k/2)ε(y)Λ h, hc → e−(3k/2)ε(y)Λ hc,

V 0 → V 0 + Λ + Λ+, Σ0 → Σ0 + ∂yΛ.

The gauge coupling ∼ ε(y) has to be odd to respect the orbifold boundary conditions.

◦ The RS action is thus

LD = −3

∫

d4θ V 0
y

[

h+e−(3k/2)ε(y)V 0

h+ hc+e(3k/2)ε(y)V 0

hc
]

2
3

,

LF = −2

(
∫

d2θ hc(∂y −
3k

2
ε(y)Σ0)h+ h.c.

)

.
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◦ As usual, supersymmetric vacua can be found as solutions to the F and D-flatness

conditions F i = D0 = 0. It is not difficult to see that F c
h = 0 implies the RS warp-factor

2σ(y) = k|y|.

➽ Next issue: How does the 4D effective theory looks like?

◦ Recalling that (h, hc) ∼ (+,−), we define the 4D chiral compensator superfield φ

through

h = φ
3
2 · exp

(

3k
2

∫ y

0

dyε(y)Σ0

)

.

At low-energies 2-odd supefields (hc, V 0) are projected out. Relevant interactions are

L5D = −3

∫

d4θ(Σ0 + Σ0+)φ+φ ek
R

y dy(Σ0+Σ0+).
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◦ And the 4D Lagrangian is just

L4D =

∮

dyL5D = −3

∫

d4θ e−
1
3Kφ+φ,

with Kähler potential

K = −3 ln
ekπ(T+T+) − 1

k
.

Here, the radion modulus superfield is defined as

T =
1

2π

∮

dyΣ0.

◦ Some remarks:

(I) This result agrees, as it should, with the Kähler potential found many years ago by Luty

& Sundrum, Bagger et al. ’01. This is a check of our expressions.

(II) It would be interesting to obtain the effective Kähler potentials for more general moduli

spaces. A few cases can be handled exactly. We will discuss 1 example in the following,

the universal sector of 5D heterotic M-theory:
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The universal sector sector of 5D heterotic M-theory consists of the graviphoton/radion

vector multiplet (V 0,Σ0), and the universal hypermultiplet (H,Hc), which acounts for

the size of the internal (warped) Calabi-Yau 3-fold:

S =
1 −H

1 +H
= V ol + · · · .

◦ The 5D D-term Lagrangian stripped of several odd superfields turns out to be:

L5D = −3

∫

d4θ(Σ0+Σ0+)φ+φ

{

S0 + S+
0 − 2α0

∫ y

0

dyε(y)(Σ0 + Σ0+)

}
1
3

.
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Obtaining the effective 4D Lagrangian is in this case again very simple

L4D =

∮

dyL5D = −3

∫

d4θ e−
1
3Kφ+φ,

K = −3 ln
[

(S0 + S0
+)

4
3 − (Sπ + Sπ

+)
4
3

]

.

Here S0 and Sπ = S0 − 2πα0T measure the volume of the Calabi-Yau at the two

boundary branes.

(I) An important feature is the entanglement of the vector and hyper moduli spaces. This is

generic in warped compactifications [and should be visible also in type IIB warped

compactif.]. One can show that mixing is only absent if even hyperscalar localizes exactly

like gravity in the UV brane [this happens to universal Kähler modulus in type IIB].

(II) In the small warping (small orbifold) limit one recovers the weak coupling result

K → −3 ln(T + T+) − ln(S0 + S+
0 ).

Inclusion of bulk 5-branes and brane-localized matter discussed in hep-th/0602173 (→

more complicated expressions).
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ConclusionsConclusionsConclusions
◦ We presented a very compact formulation of the couplings of 5D supergravity to vector

and hypermultiplets in terms of N=1 superfields.

◦ We then performed a dimensional reduction of 2 warped models (additional examples in

hep-th/0602173).

◦ Using this formalism we can find working models of moduli stabilization and uplift in both

warped and unwarped geometries (hep-th/0606...).

◦ Future work should include: (1) phenomenological studies: inflation, susy breaking

mediation; (2) study of more general hyper scalar (quaternionic) manifolds (like type IIB

5D throats); (3) search for approximate schemes to obtain the low-energy actions in more

general cases.

And inclusion of full 5D gravity sector a la Linch et al.
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(II) The second remark concerns the fixing of superconformal invariance: In 4D we know

that this is done by fixing the VEV of chiral compensator φ = MP e
−K/6 + θ2 Fφ (in

the Einstein frame). In our 5D setup we will instead use the following prescriptions, for the

hyper compensator:

h = κ−1
5 e3σ/2 + θ2 Fh, hc = θ2 F c

h.

But when reducing to 4D we may switch to another prescription → This is the point of

using a superconformal formalism. The warp-factor σ will be set to zero in the following

discussion. (It will play rôle later on.)

➺ We have now 2 Questions:

(1) Do the superfield actions of Martı́-Pomarol emerge in the rigid limit?

(2) We have now simple superfield expressions for the 5D interactions. What are the 4D

effective Lagrangians? Would like to find the effective Kähler potential, superpotential . . .
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Some Comments on the Rigid Limit:

◦ Let’s keep things simple: Consider in addition to gravitational/compensator sector, 1

Abelian vector multiplet 1 = (V 1,Σ1) ∼ (+,−), plus 1 physical hypermultiplet

(H,Hc) ∼ (+,−). The simplest vector scalar manifold is defined by

κ−1
5 N = (M0)3 −M0(M1)2 = κ−3

5 .

◦ Since M1 ∼ −, the only supersymmetric vacuum is M 0 = κ−1
5 , M1 = 0 (D-flatness

→ ∂yNI = 0). We expand the action around this vacuum. With T = Σ0, this

corresponds to T + T+ � Σ1 + Σ1+.

◦ Similarly for the hypermultiplets: at the SUSY vacuum we have H = Hc = 0. Since we

turn off gravitational interactions, the compensators are trivial: h = κ−1
5 , hc = 0.

The final expression is an expansion in powers of (T + T+)−1 and |H|2, |Hc|2:

LD '

∫

d4θ (T+T+)

[

−
3

2
M3

5 + 2
(V 1

y )2

(T + T+)2
+H+e−gV 1

H +Hc+egV 1

Hc

]

+· · ·
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Reduction to 4 dimensionsReduction to 4 dimensionsReduction to 4 dimensions

◦ Compactify on S1/ 2 orbifold (y ∼ −y) & consider unwarped geometries and

wave-functions. Zero-modes of even superfields are y-independent, odd superfields are

projected out.

◦ Denoting by φ ∝ h
2
3 the 4D compensator and by Φ = H/h the 4D reduction of the

hyper, we get:

L
(4D)
D = −3

∫

d4θ [Ñ (Σ̃ + Σ̃+)]
1
3 {1 − Φ+Φ}

2
3φ+φ.

Ñ is obtained from N by setting odd ΣI ’s to zero.

◦ It is straightforward to obtain the Kähler potential

K = −ln Ñ (Σ + Σ+) − 2 ln{1 − Φ+Φ} + · · ·

◦ The gauge kinetic functions can be obtained in similar way: fIJ(Σ) = −N̂IJ (Σ).

◦ And 4D effective tree-level bulk superpotentials will be discussed in a moment →
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Ñ is obtained from N by setting odd ΣI ’s to zero.

◦ It is straightforward to obtain the Kähler potential
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Situation at tree-level 1Situation at tree-level 1Situation at tree-level 1

We show now that it is not possible to stabilize the vector scalars ΣI at tree-level.

There are 2 kinds of potentials, corresponding to 2 different gaugings of U(1)R

symmetries:

◦ F-term potentials, obtained from tree-level bulk superpotentials,

◦ D-term potentials, arising from tree-level bulk Fayet-Iliopolous terms. We start with bulk

superpotentials.
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Tree-level superpotentialTree-level superpotentialTree-level superpotential

◦ We take vector multiplets I = (V I ,ΣI) ∼ (−,+). And consider the gauging of an

U(1)R subgroup of the SU(2)R, which is projected out by the action of the orbifold, by the

combination gI
I . The relevant 5D interaction is given by

−

∫

d2θ (2hc∂yh− gIΣ
I(h2 − hc2)) + h.c..

Reduction to 4D gives the superpotentialW , defined by
∫

d2θφ3W =

∫

d2θφ3(ḡIΣ
I + iκ4

ω

R
).

(We also included a Scherck-Schwarz parameter...)

◦ The induced potential is

VF = −M4
P ḡIÑ

IJ̄ ḡJ̄ −
M4

P

2Ñ
(ḡI(Σ

I + ΣI+))2,

Let us present 2 examples →
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Simple examplesSimple examplesSimple examples

(1) The first one is Ñ = (σ0)
3, where σI ≡ 2Re(ΣI), and we get

V(1) = −
2

3

M4
P ḡ

2
0

σ0
.

(2) In the second case we take Ñ = (σ0)
3 − σ0(σ1)

2, obtaining for ḡ0 = 0

V(2) =
M4

P ḡ
2
1

2σ0

[

1

1 + 1
3ψ

2
−

ψ2

1 − ψ2

]

'
M4

P ḡ
2
1

2σ0

(

1 − 4
3ψ

2 + · · ·
)

, (1)

where ψ ≡ σ1/σ0 < 1.

◦ V(1) and V(2) exhibit instabilities which in both cases will lead to the collapse of the

extra-dimension. General result: It can be proven that if ΣI
0 is an extremum of the

potential VF , there is at least one tachyonic direction at ΣI
0.

➽ it is not possible to simultaneously stabilise all the vector moduli with tree-level bulk W .

However, by addition of a constant brane superpotential one can get AdS susy vacua

(similar to gaugino condensation models).
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V(2) =
M4

P ḡ
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2
1

2σ0

(

1 − 4
3ψ

2 + · · ·
)

, (1)

where ψ ≡ σ1/σ0 < 1.

◦ V(1) and V(2) exhibit instabilities which in both cases will lead to the collapse of the

extra-dimension. General result: It can be proven that if ΣI
0 is an extremum of the

potential VF , there is at least one tachyonic direction at ΣI
0.

➽ it is not possible to simultaneously stabilise all the vector moduli with tree-level bulk W .

However, by addition of a constant brane superpotential one can get AdS susy vacua

(similar to gaugino condensation models).

F. Paccetti Correia, June 2006 –19-c–



planck06 Paris- June 2006 tree-level

Simple examplesSimple examplesSimple examples
(1) The first one is Ñ = (σ0)
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D-term potentialsD-term potentialsD-term potentials

◦ D-term potentials can be obtained from Fayet-Iliopolous terms. These are due to a 2nd

type of U(1)R gauging, which is not projected out by orbifolding. The potential reads

VD = −M4
P ḡNN̂NM ḡM .

◦ Consider as an example N = (σ0)
3 − σ0(σ)2, but now σ0 ∼ + while σ1 ∼ −. We

get

V(3) =
1

2

M4
P ḡ

2
1

σ0
. (2)

Unlike F-term potentials, V(3) induces a runaway behaviour for the radion σ0 towards

decompactification.

◦ As proposed for flux compactifications, one might want to use such D-term potentials to

uplift susy AdS vacua induced by bulk or non-perturbative superpotentials. But this

cannot be done in a way consistent with the R-symmetry [Choi et al. ’05, etc. . . ]. In fact,

under the above U(1)R, h→ egMΛM

h, and accordingly the superpotential transforms

as W → e−2gMΛM

W .
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◦ This puts non-trivial constraints to allowed superpotentials. In particular, superpotentials

of the type W = a+ be−cΣ, with constant a, b, c are not compatible with FI terms.

These arise in models with gaugino condensation.

◦ In addition, one can show that there are odd scalars with tachyonic masses.

➽ To conclude, it seems that it is fair to say that bulk FI terms are problematic for moduli

stabilization. (D-term inflation from the 5D bulk is also excluded.)

➽ So, how do we get Minkowski or de Sitter minima in 5D supergravity?

We will see now how 1-loop corrections to the Kähler potentials can be used for this

purpose.
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One-loop corrections to Kähler potentialOne-loop corrections to Kähler potentialOne-loop corrections to Kähler potential

◦ Idea of using one-loop corrections to the Kähler potential K(Σ,Σ+), due to bulk

multiplets, for moduli stabilization (in Minkowski vacua), was first proposed by Luty &

Okada (hep-th/0209178).

◦ A more detailed discussion of this kind of stabilization mechanism was then presented by

Gersdorff et al. (hep-th/0310190) and Dudas & Quı́ros (hep-th/0503157), for the one

modulus (i.e. the radion) case.

◦ We present here 3 types of 1-loop corrections, of the type

K(Σ,Σ+) = − ln
(

Ñ (Σ + Σ+) + ∆
)

.

The combination of these 3 corrections and a constant brane superpotential or a

Scherk-Schwarz twist allows for de Sitter (and Minkowski) stable minima:

(A) The 1st contribution is just ∆ = α, and has been known for several years. It is due to

massless bulk multiplets, and depends on their number.

F. Paccetti Correia, June 2006 –22–



planck06 Paris- June 2006 one-loop

One-loop corrections to Kähler potentialOne-loop corrections to Kähler potentialOne-loop corrections to Kähler potential
◦ Idea of using one-loop corrections to the Kähler potential K(Σ,Σ+), due to bulk

multiplets, for moduli stabilization (in Minkowski vacua), was first proposed by Luty &

Okada (hep-th/0209178).

◦ A more detailed discussion of this kind of stabilization mechanism was then presented by

Gersdorff et al. (hep-th/0310190) and Dudas & Quı́ros (hep-th/0503157), for the one

modulus (i.e. the radion) case.

◦ We present here 3 types of 1-loop corrections, of the type

K(Σ,Σ+) = − ln
(
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(A) The 1st contribution is just ∆ = α, and has been known for several years. It is due to

massless bulk multiplets, and depends on their number.

(B) The 2nd correction is due to a 5D coupling between a hypermultiplet and a vector

multiplet of the form
∫

d2θ 2Hc(∂y − gε(y)Σ)H + h.c.,

where ε(y) = ∂y|y| is the periodic step-function. Integrating out the hypermultiplets we

get

∆ ∝ e−πRg(Σ+Σ+)
(

1 + πRg(Σ + Σ+)
)

+ · · ·

This can be obtained from formulae given in [Gersdorff et al. ’04], and agrees with [Dudas

& Quı́ros ’05] in the large Re(Σ) limit.

(C) A 3rd, new correction is due to another type of hypermultiplet/vector multiplet coupling:
∫

d2θ (2Hc∂yH − gΣ(H2 −Hc2)) + h.c.,

giving

∆ ∝ (e−2πRgΣ + e−2πRgΣ+

)
(

1 + πRg(Σ + Σ+)
)

+ · · · .
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◦ There is a simple and elegant way of deriving the contribution (C) to the Kähler potential.

It consists of calculating the prepotential F(Σ) of N = 2 supergravity compactified in

the S1 and then use the well-known expression

K = − ln
(

−2(F + F+) + (FI + F+
Ī

)(ΣI + ΣĪ+)
)

,

to obtain the Kähler potential K(Σ,Σ+) from F(Σ).

◦ F(Σ) determines the holomorphic gauge couplings through its second derivative.

Knowing the 1-loop correction to the gauge coupling we obtain F and determine the

Kähler potential. We have

F ′′(Σ) ∝ ln sinh(πRgΣ) =

[

πRgΣ −
∞
∑

k=1

e−k2πRgΣ

k

]

,

and

F ∝

[

πRg

6
Σ3 −

∞
∑

k=1

e−k2πRgΣ

(2πRg)2k3

]

.
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◦ Dudas & Quı́ros (’05) also consider another correction due to massive vector multiplets.

Since they relied on FI terms, it is not clear how to embed their model into SUGRA. In

particular it seems that this is not compatible with either a Scherk-Schwarz twist or a

brane superpotential.

For this reason we disregard this contribution. This is not a problem, because the new

contribution (C) will have the same stabilizing effect. In addition: (C) will stabilize the

axionic part of the moduli.

◦ We conclude this discussion with a specific example: We consider a constant brane

potential, and on top of it the 3 different kinds of 1-loop corrections. For simplicity we

consider only one modulus: the radion. It is (in principle) straightfoward to extend to the

multi-moduli case.
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Summary of 1st partSummary of 1st partSummary of 1st part

◦ We presented a superfield description of the 5D supergravity couplings to vector and

hypermultiplets. While the tree-level vector scalar manifold (determined by N ∼M 3) is

quite general, the hyperscalar manifolds considered here are the simplest ones.

◦ Tree-level potentials for the vector moduli are either flat or unstable. Like gaugino

condensates they lead to adS vacua when combined with a constant superpotential.

One-loop Kähler potentials in turn are enough to stabilize the vector moduli and to uplift

the vacuum to a Minkwoski/de Sitter one.

◦ Future work should include the study of inflation scenarios in this framework (either bulk

or brane localized). In particular, a 2-moduli scenario with a 1-loop corrected Kähler

potential, would be a 5D SUGRA realization of the natural inflation of [Arkani-Hamed et al.

’03] as we pointed out in hep-th/0504083.

We turn now to the superfield description of warped models, in particular the supergravity

embedding of the Randall-Sundrum model.
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The supersymmetric Randall-Sundrum modelThe supersymmetric Randall-Sundrum modelThe supersymmetric Randall-Sundrum model

◦ The Randall-Sundrum (RS) model is the simplest of all models which give rise to warped

metrics of the type

ds25 = e2σ(y)ds24 + (e5y)2 dy2,

where ds24 is the Minkowski 4D metric. It is important to note that in a SUGRA theory

σ(y) must be determined by solving the (BPS) eqs. of motion. We will see now, (i) how

these equations appear in the superfield formalism, and (ii) how the 4D effective theory is

to be obtained.

◦ In addition to the gravity multiplet, the off-shell superfield content of the RS model

consists of: 1 compensator hypermultiplet

h = e3σ(y)/2κ−1
5 + θ2Fh, hc = θ2 F c

h;

and the graviphoton vector multiplet (V 0,Σ0)

V = θ̄σµθ eσ(y)Aµ + θ̄2θ2D, Σ0 =
1

2
(e5yM

0 +A0
y) + θ2 FΣ.
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◦ Note that, using the conformal fixing N = (M 0)3 = 1, we see that

Σ0 = 1
2e

5
yM

0 + . . . is the radion superfield.

◦ It is well-known [Gherghetta-Pomarol, Falkowski et al., Bergshoeff et al. ’00], that to

obtain warped models in the 5D orbifold, it is necessary to gauge an U(1)R symmetry

with an odd coupling.

In the superconformal formalism this means that the compensator hypermultiplet (h, hc)

is charged under the U(1)R gauged by the graviphoton/radion multiplet

h→ e(3k/2)ε(y)Λ h, hc → e−(3k/2)ε(y)Λ hc,

V 0 → V 0 + Λ + Λ+, Σ0 → Σ0 + ∂yΛ.

The gauge coupling ∼ ε(y) has to be odd to respect the orbifold boundary conditions.

◦ The RS action must be invariant under this gauge symmetry, and it is a simple

deformation of the ungauged action considered before.
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◦ There is a D-term Lagrangian

LD = −3

∫

d4θ V 0
y

[

h+e−(3k/2)ε(y)V 0

h+ hc+e(3k/2)ε(y)V 0

hc
]

2
3

,

with V 0
y ≡ Σ0 + Σ0+ − ∂yV

0;

and an F-term Lagrangian

LF = −2

(
∫

d2θ hc(∂y −
3k

2
ε(y)Σ0)h+ h.c.

)

.

◦ As usual, supersymmetric vacua can be found as solutions to the F and D-flatness

conditions F i = D0 = 0. It is not difficult to see that F c
h = 0 implies

(

∂y −
3k

4
ε(y)e5y

)

e3σ(y)/2 = 0 → 2σ(y) = k

∫ y

0

dy ε(y) e5y.

In the e5y = 1 gauge this is just the RS warp-factor 2σ(y) = k|y|, as expected.
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Note that, the superspace action apparently only has bulk terms, but in fact

L ∼ |F c
h|

2+· · · ∼
∣

∣

∣
(∂y − 3k

4 ε(y))e
3σ/2

∣

∣

∣

2

∼ a(∂yσ)2+Λ+τ [δ(y) − δ(y − yπ)].

Brane tensions encoded in the ε(y)’s.

➽ Next issue: How does the 4D effective theory looks like?

◦ Recalling that (h, hc) ∼ (+,−), we define the 4D chiral compensator superfield φ

through

h = φ
3
2 · exp

(

3k
2

∫ y

0

dyε(y)Σ0

)

.

At low-energies 2-odd supefields (hc, V 0) are projected out. Relevant interactions are

L5D = −3

∫

d4θ(Σ0 + Σ0+)φ+φ ek
R

y dy(Σ0+Σ0+).
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◦ And the 4D Lagrangian is just

L4D =

∮

dyL5D = −3

∫

d4θ e−
1
3Kφ+φ,

with Kähler potential

K = −3 ln
ekπ(T+T+) − 1

k
.

Here, the radion modulus superfield is defined as

T =
1

2π

∮

dyΣ0.

◦ Some remarks:

(I) This result agrees, as it should, with the Kähler potential found many years ago by Luty

& Sundrum, Bagger et al. ’01. This is a check of our expressions.

(II) It would be interesting to obtain the effective Kähler potentials for more general moduli

spaces. Yet, only a few cases can be handled exactly. We will discuss a few examples in

the following:
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(III) One example is the so-called STU-wall: 3 vector moduli with N = M 0M1M2 and

charges kI . One can show that

K = −
∑

I

ln
ekIπ(T I+T I+) − 1

kI
,

where

2πT I =

∮

dyΣI =

∮

dy e5y M
I + i

∮

dyAI
y.

Note that in this case there is no holomorphic radion superfield. (Radion is encoded in

combination of the T I ).

(IV) Other (more or less) simple examples consist of having also one physical hyper. I will

discuss here 1 example, namely the universal sector of 5D heterotic M-theory:
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◦ The universal sector sector of 5D heterotic M-theory consists of the graviphoton/radion

vector multiplet (V 0,Σ0), and the universal hypermultiplet (H,Hc), which acounts for

the size of the internal (warped) Calabi-Yau 3-fold:

S =
1 −H

1 +H
= V ol + · · · .

The main new complexity comes from hyper the scalar manifold being the coset

U(2, 1)/(U(1) × U(2)). We will not touch this issue here, but simply present the 5D

D-term Lagrangian stripped of several odd superfields:

L5D = −3

∫

d4θ(Σ0+Σ0+)φ+φ

{

S0 + S+
0 − 2α0

∫ y

0

dyε(y)(Σ0 + Σ0+)

}
1
3

.

Obtaining the effective 4D Lagrangian is in this case again very simple

L4D =

∮

dyL5D = −3

∫

d4θ e−
1
3Kφ+φ,

with K the Kähler potential →
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The Kähler potential has a nice form:

K = −3 ln
[

(S0 + S0
+)

4
3 − (Sπ + Sπ

+)
4
3

]

.

Here S0 and Sπ = S0 − 2πα0T measure the volume of the Calabi-Yau at the two

boundary branes.

➽ A few remarks:

(I) An important feature is the entanglement of the vector and hyper moduli spaces. This is

generic in warped compactifications [and should be visible also in type IIB warped

compactif.]. One can show that mixing is only absent if even hyperscalar localizes exactly

like gravity in the UV brane [this happens to universal Kähler modulus in type IIB].

(II) In the small warping (small orbifold) limit one recovers the weak coupling result

K → −3 ln(T + T+) − ln(S0 + S+
0 ).
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(III) In this Kähler manifold we have Kij̄KiKj̄ = 4 → Turning on a constant superpotential

leads to a growth of the orbifold & collapse of the CY at the hidden brane (V ∼ eK). It

would be interesting to study the effect of non-perturbative superpotentials from

hidden-brane gaugino condensation

Wgc = e−Sπ ,

and membrane instantons

Win = e−T ,

for moduli stab. in large warping regime...
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ConclusionsConclusionsConclusions

◦ We presented a formulation of the couplings of 5D supergravity to vector and

hypermultiplets in terms of N=1 superfields. This was applied to both unwarped & warped

models.

◦ We then performed a dimensional reduction of several of these models and discussed

several issues relevant for moduli stabilization in unwarped & warped models.

In particular, we presented a working model of moduli stabilization and uplift with 1-loop

corrections to the Kähler potential.

◦ Future work should include: (1) phenomenological studies: inflation, susy breaking

mediation; (2) study of more general hyper scalar (quaternionic) manifolds; (3) search for

approximate schemes to obtain the low-energy actions in more general cases.
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