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SUSY BREAKINGSUSY BREAKINGSUSY BREAKING

The standard scenario is that SUSY breaking occurs at a scale

MMM in a hidden sector and is transmitted to the visible sector

through some interactions, generating soft breaking terms.

There are two main delicate points for phenomenology:

• Sflavour: m2
0m
2
0m
2
0 must be positive and nearly universal.

• Shierarchy: must have µ ∼ m0 ∼ m1/2 ≪ MPµ ∼ m0 ∼ m1/2 ≪ MPµ ∼ m0 ∼ m1/2 ≪ MP.

Gauge mediationGauge mediationGauge mediation

SUSY breaking at low MMM mediated by gauge interactions:

• m1/2 ∼
g2

16π2
Mm1/2 ∼

g2

16π2
Mm1/2 ∼

g2

16π2
M , m2

0 ∼
( g2

16π2

)2
M 2m2

0 ∼
( g2

16π2

)2
M 2m2

0 ∼
( g2

16π2

)2
M 2.

• m2
0m
2
0m
2
0 universal (MF ≫ MMF ≫ MMF ≫ M) and sometimes positive.

• µ ∼ Mµ ∼ Mµ ∼ M with PQ symmetry.

Gravity mediationGravity mediationGravity mediation

SUSY breaking at high MMM mediated by gravity interactions:

• m1/2, m3/2 ∼
M

MP
Mm1/2, m3/2 ∼

M

MP
Mm1/2, m3/2 ∼

M

MP
M , m2

0 ∼
( M
MP

)2
M 2m2

0 ∼
( M
MP

)2
M 2m2

0 ∼
( M
MP

)2
M 2.

• m2
0m
2
0m
2
0 generic (MF ∼ MPMF ∼ MPMF ∼ MP).

• µ ∼ M

MP
Mµ ∼ M

MP
Mµ ∼ M

MP
M with PQ symmetry.
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SymmetriesSymmetriesSymmetries

To naturally solve both problems, one can try to introduce

new symmetries. Main options:

• Gauge mediation +++ complications for Shierarchy.

No simple and compelling model so far.

• Gravity mediation +++ constraints for Sflavour.

Difficult to forbid mixing of the two sectors at MPMPMP.

GeometryGeometryGeometry

An interesting possibility, natural in string theory, is to separate

the visible and the hidden sectors along an extra dimension.

This framework has very peculiar characteristics going beyond

symmetries:

• Geometric distinction between visible sector, hidden

sector, and mediating interactions.

• New physical scaleMCMCMC acting as cut-off for the mixing

between the two sectors.
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GEOMETRICAL SEQUESTERING IN SUGRAGEOMETRICAL SEQUESTERING IN SUGRAGEOMETRICAL SEQUESTERING IN SUGRA

Consider a general SUGRA theory with:

Visible: Φ0 = (φ0, χ0;F 0)Φ0 = (φ0, χ0;F 0)Φ0 = (φ0, χ0;F 0), V0 = (Aµ
0 , λ0;D0)V0 = (Aµ
0 , λ0;D0)V0 = (Aµ
0 , λ0;D0).

Hidden: Φπ = (φπ, χπ;F π)Φπ = (φπ, χπ;F π)Φπ = (φπ, χπ;F π), Vπ = (Aµ
π, λπ;Dπ)Vπ = (Aµ
π, λπ;Dπ)Vπ = (Aµ
π, λπ;Dπ).

Interactions: C = (eaµ, ψµ; aµ, bµ)C = (eaµ, ψµ; aµ, bµ)C = (eaµ, ψµ; aµ, bµ), S = (φS, ψS;F S)S = (φS, ψS;F S)S = (φS, ψS;F S).

After superconformal gauge-fixing, bµ = 0bµ = 0bµ = 0, φS = 1φS = 1φS = 1, ψS = 0ψS = 0ψS = 0,

and the structure of the matter action reads:
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The functions ΩΩΩ, τW2τW2τW2 and PPP have expansions of the type:

ΩΩΩΩΩΩΩΩΩ = −3M 2
P + Φ0Φ

†
0 + ΦπΦ

†
π +

h

M 2
P

Φ0Φ
†
0ΦπΦ

†
π + . . .Φ0Φ

†
0 + ΦπΦ

†
π +

h

M 2
P

Φ0Φ
†
0ΦπΦ

†
π + . . .Φ0Φ

†
0 + ΦπΦ

†
π +

h

M 2
P

Φ0Φ
†
0ΦπΦ

†
π + . . .Φ0Φ

†
0 + ΦπΦ

†
π +

h

M 2
P

Φ0Φ
†
0ΦπΦ

†
π + . . .Φ0Φ

†
0 + ΦπΦ

†
π +

h

M 2
P

Φ0Φ
†
0ΦπΦ

†
π + . . .Φ0Φ

†
0 + ΦπΦ

†
π +

h

M 2
P

Φ0Φ
†
0ΦπΦ

†
π + . . .Φ0Φ

†
0 + ΦπΦ

†
π +

h

M 2
P

Φ0Φ
†
0ΦπΦ

†
π + . . .Φ0Φ

†
0 + ΦπΦ

†
π +

h

M 2
P

Φ0Φ
†
0ΦπΦ

†
π + . . .Φ0Φ

†
0 + ΦπΦ

†
π +

h

M 2
P

Φ0Φ
†
0ΦπΦ

†
π + . . .

PPPPPPPPP = Λ3 +M 2
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For a vanishing cosmological constant, we tune Λ3 ∼ M 2
πMPΛ3 ∼ M 2
πMPΛ3 ∼ M 2
πMP.

The SUSY breaking VEVs are then:
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Λ3

M 2
P

∼ M 2
π

MP

|F π| ∼ M 2
π , |F S| ∼

Λ3

M 2
P

∼ M 2
π

MP

|F π| ∼ M 2
π , |F S| ∼

Λ3

M 2
P

∼ M 2
π

MP
|F π| ∼ M 2

π , |F S| ∼
Λ3

M 2
P

∼ M 2
π

MP

|F π| ∼ M 2
π , |F S| ∼

Λ3

M 2
P

∼ M 2
π

MP

|F π| ∼ M 2
π , |F S| ∼
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Classical theoryClassical theoryClassical theory

Leading soft masses at classical level:

m3/2 ∼ |F S| ∼
M 2

π

MP
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Non-universal; separating visible and hidden sectors in an extra

dimension, h = k = 0h = k = 0h = k = 0 ⇒⇒⇒ quantum corrections important.

Quantum correctionsQuantum correctionsQuantum corrections

Corrections from gauge loops due to superconformal anomaly:

δm1/2 ∼
g2

16π2
|F S| ∼

g2

16π2

M 2
π

MP

δm1/2 ∼
g2

16π2
|F S| ∼

g2

16π2

M 2
π

MP

δm1/2 ∼
g2

16π2
|F S| ∼

g2

16π2

M 2
π

MP
δm1/2 ∼

g2

16π2
|F S| ∼

g2

16π2

M 2
π

MP

δm1/2 ∼
g2

16π2
|F S| ∼

g2

16π2

M 2
π

MP

δm1/2 ∼
g2

16π2
|F S| ∼

g2

16π2

M 2
π

MP
δm1/2 ∼

g2

16π2
|F S| ∼

g2

16π2

M 2
π

MP

δm1/2 ∼
g2

16π2
|F S| ∼

g2

16π2

M 2
π

MP

δm1/2 ∼
g2

16π2
|F S| ∼

g2

16π2

M 2
π

MP

δm2
0 ∼

( g2

16π2

)2
|F S|2 ∼

( g2

16π2

)2 M 4
π

M 2
P

δm2
0 ∼

( g2

16π2

)2
|F S|2 ∼

( g2

16π2

)2 M 4
π

M 2
P

δm2
0 ∼

( g2

16π2

)2
|F S|2 ∼

( g2

16π2

)2 M 4
π

M 2
P

δm2
0 ∼

( g2

16π2

)2
|F S|2 ∼

( g2

16π2

)2 M 4
π

M 2
P

δm2
0 ∼

( g2

16π2

)2
|F S|2 ∼

( g2

16π2

)2 M 4
π

M 2
P

δm2
0 ∼

( g2

16π2

)2
|F S|2 ∼

( g2

16π2

)2 M 4
π

M 2
P

δm2
0 ∼

( g2

16π2

)2
|F S|2 ∼

( g2

16π2

)2 M 4
π

M 2
P

δm2
0 ∼

( g2

16π2

)2
|F S|2 ∼

( g2

16π2

)2 M 4
π

M 2
P

δm2
0 ∼

( g2

16π2

)2
|F S|2 ∼

( g2

16π2

)2 M 4
π

M 2
P

Universal; positive for squarks and negative for sleptons !

Randall, Sundrum;

Giudice, Luty, Murayama, Rattazzi

With an extra dimension, corrections from gravity loops are

cut off at MC = (πR)−1MC = (πR)−1MC = (πR)−1 and computable:
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Universal; positive or negative ?
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Gauge and gravitational quantum corrections can compete if

(((gravity loop at MCMCMC))) ∼∼∼ (((gauge loop)2)2)2, that is:
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This is reasonable ⇒⇒⇒ possible very interesting hybrid models

of SUSY breaking.

Dynamics of extra dimensionsDynamics of extra dimensionsDynamics of extra dimensions

In the 4D effective theory for E ≪ MCE ≪ MCE ≪ MC, the dynamics of an

extra dimension is described by a chiral multiplet:

Radion: T = (T, ψT ;F T )T = (T, ψT ;F T )T = (T, ψT ;F T ).

The VEV of TTT controls the radius (Re T = πRRe T = πRRe T = πR), whereas a

VEV for F TF TF T gives additional SUSY-breaking effects.

There are various ways to get a satisfactory radion dynamics.

F-terms: e.g. strong coupling condensation of bulk gaugino.

D-terms: e.g. Casimir energy with localized kinetic terms.

Luty, Sundrum;

Ponton, Poppitz

To compute radiative effects involving the radion multiplet,

one needs a full 5D supergravity description. All these effects

are non-local and therefore finite and insensitive to UV physics.
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S1/Z2 ORBIFOLD MODELSS1/Z2 ORBIFOLD MODELSS1/Z2 ORBIFOLD MODELS

The extra dimension is a circle with coordinate x5 ∈ [0, 2π]x5 ∈ [0, 2π]x5 ∈ [0, 2π]

and gauged parity Z2 : x5 → −x5Z2 : x5 → −x5
Z2 : x5 → −x5. The radius is e5̇

5 = Re5̇
5 = Re5̇
5 = R.

The visible and hidden sectors are located at the fixed-points

at 000 and πππ, and have N = 1N = 1N = 1 SUSY with U (1)U (1)U (1) R-symmetry

(bosons: qqq, fermions: q − 1q − 1q − 1, aux: q − 2q − 2q − 2):

Visible: Φ0 = (φ0, χ0;F 0)Φ0 = (φ0, χ0;F 0)Φ0 = (φ0, χ0;F 0), V0 = (Aµ
0 , λ0;D0)V0 = (Aµ
0 , λ0;D0)V0 = (Aµ
0 , λ0;D0).

Hidden: Φπ = (φπ, χπ;F π)Φπ = (φπ, χπ;F π)Φπ = (φπ, χπ;F π), Vπ = (Aµ
π, λπ;Dπ)Vπ = (Aµ
π, λπ;Dπ)Vπ = (Aµ
π, λπ;Dπ).

The interactions are in the bulk, and have N = 2N = 2N = 2 SUSY with

SU (2)SU (2)SU (2) R-symmetry (bosons: 111, fermions: 222, aux: 111 or 333):

Gauge: V = (AM , λ,Σ; ~X)V = (AM , λ,Σ; ~X)V = (AM , λ,Σ; ~X).

Gravity: M = (eAM , ψM , AM ; ~VM ,~t, vAB, λ, C)M = (eAM , ψM , AM ; ~VM ,~t, vAB, λ, C)M = (eAM , ψM , AM ; ~VM ,~t, vAB, λ, C),

T = (~Y ,BMNP , ρ;N)T = (~Y ,BMNP , ρ;N)T = (~Y ,BMNP , ρ;N).

Bulk and boundary theories: fixed byN = 2N = 2N = 2 andN = 1N = 1N = 1 SUSY.

Bulk-boundary couplings: fixed by N = 1N = 1N = 1 SUSY with N = 2N = 2N = 2

bulk multiplets decomposed into N = 1N = 1N = 1 boundary multiplets.

The Lagrangian (with eee factored out) has the form:

L = L5 + e5
5̇ δ(x

5 − 0)L4,0 + e5
5̇ δ(x

5 − π)L4,πL = L5 + e5
5̇ δ(x

5 − 0)L4,0 + e5
5̇ δ(x

5 − π)L4,πL = L5 + e5
5̇ δ(x

5 − 0)L4,0 + e5
5̇ δ(x

5 − π)L4,πL = L5 + e5
5̇ δ(x

5 − 0)L4,0 + e5
5̇ δ(x

5 − π)L4,πL = L5 + e5
5̇ δ(x

5 − 0)L4,0 + e5
5̇ δ(x

5 − π)L4,πL = L5 + e5
5̇ δ(x

5 − 0)L4,0 + e5
5̇ δ(x

5 − π)L4,πL = L5 + e5
5̇ δ(x

5 − 0)L4,0 + e5
5̇ δ(x

5 − π)L4,πL = L5 + e5
5̇ δ(x

5 − 0)L4,0 + e5
5̇ δ(x

5 − π)L4,πL = L5 + e5
5̇ δ(x

5 − 0)L4,0 + e5
5̇ δ(x

5 − π)L4,π
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SingularitiesSingularitiesSingularities

Auxiliary fields have a dimensionless propagator and could give

divergences in the sums over KK modes with mn = n/Rmn = n/Rmn = n/R.

In the natural formulation, auxiliary and odd fields mix through

∂5∂5∂5 ⇒⇒⇒ propagators 24/2524/2524/25 and 1/251/251/25. Matter couples to aux-

iliary fields ⇒⇒⇒ no singularities.

Making a shift, auxiliary and odd fields can be decoupled ⇒⇒⇒
propagators 111 and 1/251/251/25. Matter couples to odd fields through

∂5∂5∂5 ⇒⇒⇒ singularities cancelled by contact terms proportional to

δ(0) =
1

2π

∞∑

n=−∞
1 =

1

2π

∞∑

n=−∞

p2 −m2
n

p2 −m2
n

δ(0) =
1

2π

∞∑

n=−∞
1 =

1

2π

∞∑

n=−∞

p2 −m2
n

p2 −m2
n

δ(0) =
1

2π

∞∑

n=−∞
1 =

1

2π

∞∑

n=−∞

p2 −m2
n

p2 −m2
n

δ(0) =
1

2π

∞∑

n=−∞
1 =

1

2π

∞∑

n=−∞

p2 −m2
n

p2 −m2
n

δ(0) =
1

2π

∞∑

n=−∞
1 =

1

2π

∞∑

n=−∞

p2 −m2
n

p2 −m2
n

δ(0) =
1

2π

∞∑

n=−∞
1 =

1

2π

∞∑

n=−∞

p2 −m2
n

p2 −m2
n

δ(0) =
1

2π

∞∑

n=−∞
1 =

1

2π

∞∑

n=−∞

p2 −m2
n

p2 −m2
n

δ(0) =
1

2π

∞∑

n=−∞
1 =

1

2π

∞∑

n=−∞

p2 −m2
n

p2 −m2
n

δ(0) =
1

2π

∞∑

n=−∞
1 =

1

2π

∞∑

n=−∞

p2 −m2
n

p2 −m2
n

Gauge interactionsGauge interactionsGauge interactions

In this case, the off-shell formulation of the bulk theory is

simple. The bulk-to-boundary couplings are well understood.

Mirabelli, Peskin

Gravity interactionsGravity interactionsGravity interactions

In this case, the off-shell formulation is rather involved and

has been formulated only recently.

Zucker

The bulk-to-boundary couplings have been only partly studied.

Gherghetta, Riotto
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GAUGE INTERACTIONSGAUGE INTERACTIONSGAUGE INTERACTIONS

The Lagrangian for theN = 2N = 2N = 2 bulk vector mult. VVV is (g5 → 1g5 → 1g5 → 1):

L5 = −1

4
F 2
MN +

i

2
λ̄∂/λ +

1

2
|∂MΣ|2 +

1

2
~X

2L5 = −1

4
F 2
MN +

i

2
λ̄∂/λ +

1

2
|∂MΣ|2 +

1

2
~X

2L5 = −1

4
F 2
MN +

i

2
λ̄∂/λ +

1

2
|∂MΣ|2 +

1

2
~X

2
L5 = −1

4
F 2
MN +

i

2
λ̄∂/λ +

1

2
|∂MΣ|2 +

1

2
~X

2L5 = −1

4
F 2
MN +

i

2
λ̄∂/λ +

1

2
|∂MΣ|2 +

1

2
~X

2L5 = −1

4
F 2
MN +

i

2
λ̄∂/λ +

1

2
|∂MΣ|2 +

1

2
~X

2
L5 = −1

4
F 2
MN +

i

2
λ̄∂/λ +

1

2
|∂MΣ|2 +

1

2
~X

2L5 = −1

4
F 2
MN +

i

2
λ̄∂/λ +

1

2
|∂MΣ|2 +

1

2
~X

2L5 = −1

4
F 2
MN +

i

2
λ̄∂/λ +

1

2
|∂MΣ|2 +

1

2
~X

2

The Z2Z2Z2 parities of VVV are:

V AM λ Σ ~X

+ Aµ λ1 X3

− A5 λ2 Σ X1,2

V AM λ Σ ~X

+ Aµ λ1 X3

− A5 λ2 Σ X1,2

V AM λ Σ ~X

+ Aµ λ1 X3

− A5 λ2 Σ X1,2

At the fixed-points, the even components of VVV form an N = 1N = 1N = 1

vector multiplet V = (Aµ, λ1;D)V = (Aµ, λ1;D)V = (Aµ, λ1;D) with

D = X3− ∂5̇ΣD = X3− ∂5̇ΣD = X3− ∂5̇ΣD = X3− ∂5̇ΣD = X3− ∂5̇ΣD = X3− ∂5̇ΣD = X3− ∂5̇ΣD = X3− ∂5̇ΣD = X3− ∂5̇Σ

The interaction with an N = 1N = 1N = 1 boundary chiral multiplet ΦΦΦ is:

LΦ
4 = |Dµφ|2 + iχ̄D/χ + |F |2 + |φ|2D + . . .LΦ
4 = |Dµφ|2 + iχ̄D/χ + |F |2 + |φ|2D + . . .LΦ
4 = |Dµφ|2 + iχ̄D/χ + |F |2 + |φ|2D + . . .LΦ
4 = |Dµφ|2 + iχ̄D/χ + |F |2 + |φ|2D + . . .LΦ
4 = |Dµφ|2 + iχ̄D/χ + |F |2 + |φ|2D + . . .LΦ
4 = |Dµφ|2 + iχ̄D/χ + |F |2 + |φ|2D + . . .LΦ
4 = |Dµφ|2 + iχ̄D/χ + |F |2 + |φ|2D + . . .LΦ
4 = |Dµφ|2 + iχ̄D/χ + |F |2 + |φ|2D + . . .LΦ
4 = |Dµφ|2 + iχ̄D/χ + |F |2 + |φ|2D + . . .

with

Dµ = ∂µ − iAµDµ = ∂µ − iAµDµ = ∂µ − iAµDµ = ∂µ − iAµDµ = ∂µ − iAµDµ = ∂µ − iAµDµ = ∂µ − iAµDµ = ∂µ − iAµDµ = ∂µ − iAµ

After integrating out X1,2X1,2X1,2 and FFF , the total Lagrangian reads:

LLLLLLLLL ========= −1

4
F 2
MN +

i

2
λ̄∂/λ +

1

2
|∂µΣ|2 +

1

2
D2−1

4
F 2
MN +

i

2
λ̄∂/λ +

1

2
|∂µΣ|2 +

1

2
D2−1

4
F 2
MN +

i

2
λ̄∂/λ +

1

2
|∂µΣ|2 +

1

2
D2−1

4
F 2
MN +

i

2
λ̄∂/λ +

1

2
|∂µΣ|2 +

1

2
D2−1

4
F 2
MN +

i

2
λ̄∂/λ +

1

2
|∂µΣ|2 +

1

2
D2−1

4
F 2
MN +

i

2
λ̄∂/λ +

1

2
|∂µΣ|2 +

1

2
D2−1

4
F 2
MN +

i

2
λ̄∂/λ +

1

2
|∂µΣ|2 +

1

2
D2−1

4
F 2
MN +

i

2
λ̄∂/λ +

1

2
|∂µΣ|2 +

1

2
D2−1

4
F 2
MN +

i

2
λ̄∂/λ +

1

2
|∂µΣ|2 +

1

2
D2

+ e5
5̇ δ(x

5)
[
|Dµφ|2+ iχ̄D/χ

]
+

(
∂5̇Σ +ρ5̇(x

5)
)
D + . . .+ e5

5̇ δ(x
5)

[
|Dµφ|2+ iχ̄D/χ

]
+

(
∂5̇Σ +ρ5̇(x

5)
)
D + . . .+ e5

5̇ δ(x
5)

[
|Dµφ|2+ iχ̄D/χ

]
+

(
∂5̇Σ +ρ5̇(x

5)
)
D + . . .+ e5

5̇ δ(x
5)

[
|Dµφ|2+ iχ̄D/χ

]
+

(
∂5̇Σ +ρ5̇(x

5)
)
D + . . .+ e5

5̇ δ(x
5)

[
|Dµφ|2+ iχ̄D/χ

]
+

(
∂5̇Σ +ρ5̇(x

5)
)
D + . . .+ e5

5̇ δ(x
5)

[
|Dµφ|2+ iχ̄D/χ

]
+

(
∂5̇Σ +ρ5̇(x

5)
)
D + . . .+ e5

5̇ δ(x
5)

[
|Dµφ|2+ iχ̄D/χ

]
+

(
∂5̇Σ +ρ5̇(x

5)
)
D + . . .+ e5

5̇ δ(x
5)

[
|Dµφ|2+ iχ̄D/χ

]
+

(
∂5̇Σ +ρ5̇(x

5)
)
D + . . .+ e5

5̇ δ(x
5)

[
|Dµφ|2+ iχ̄D/χ

]
+

(
∂5̇Σ +ρ5̇(x

5)
)
D + . . .

9



The density which couples to DDD is given by:

ρ5̇(x
5) = e5

5̇ δ(x
5) |φ|2ρ5̇(x

5) = e5
5̇ δ(x

5) |φ|2ρ5̇(x
5) = e5

5̇ δ(x
5) |φ|2ρ5̇(x

5) = e5
5̇ δ(x

5) |φ|2ρ5̇(x
5) = e5

5̇ δ(x
5) |φ|2ρ5̇(x

5) = e5
5̇ δ(x

5) |φ|2ρ5̇(x
5) = e5

5̇ δ(x
5) |φ|2ρ5̇(x

5) = e5
5̇ δ(x

5) |φ|2ρ5̇(x
5) = e5

5̇ δ(x
5) |φ|2

Redefining DDD through a shift to complete squares, one gets:

LLLLLLLLL ========= −1

4
F 2
MN +

i

2
λ̄∂/λ +

1

2
|∂µΣ|2 +

1

2
D̃

2−1

4
F 2
MN +

i

2
λ̄∂/λ +

1

2
|∂µΣ|2 +

1

2
D̃

2−1

4
F 2
MN +

i

2
λ̄∂/λ +

1

2
|∂µΣ|2 +

1

2
D̃

2−1

4
F 2
MN +

i

2
λ̄∂/λ +

1

2
|∂µΣ|2 +

1

2
D̃

2−1

4
F 2
MN +

i

2
λ̄∂/λ +

1

2
|∂µΣ|2 +

1

2
D̃

2−1

4
F 2
MN +

i

2
λ̄∂/λ +

1

2
|∂µΣ|2 +

1

2
D̃

2−1

4
F 2
MN +

i

2
λ̄∂/λ +

1

2
|∂µΣ|2 +

1

2
D̃

2−1

4
F 2
MN +

i

2
λ̄∂/λ +

1

2
|∂µΣ|2 +

1

2
D̃

2−1

4
F 2
MN +

i

2
λ̄∂/λ +

1

2
|∂µΣ|2 +

1

2
D̃

2

+ e5
5̇ δ(x

5)
[
|Dµφ|2 + iχ̄D/χ

]
+ e5

5̇ δ(x
5)

[
|Dµφ|2 + iχ̄D/χ

]
+ e5

5̇ δ(x
5)

[
|Dµφ|2 + iχ̄D/χ

]
+ e5

5̇ δ(x
5)

[
|Dµφ|2 + iχ̄D/χ

]
+ e5

5̇ δ(x
5)

[
|Dµφ|2 + iχ̄D/χ

]
+ e5

5̇ δ(x
5)

[
|Dµφ|2 + iχ̄D/χ

]
+ e5

5̇ δ(x
5)

[
|Dµφ|2 + iχ̄D/χ

]
+ e5

5̇ δ(x
5)

[
|Dµφ|2 + iχ̄D/χ

]
+ e5

5̇ δ(x
5)

[
|Dµφ|2 + iχ̄D/χ

]

− 1

2

(
∂5̇Σ + ρ5̇(x

5)
)2

+ . . .− 1

2

(
∂5̇Σ + ρ5̇(x

5)
)2

+ . . .− 1

2

(
∂5̇Σ + ρ5̇(x

5)
)2

+ . . .− 1

2

(
∂5̇Σ + ρ5̇(x

5)
)2

+ . . .− 1

2

(
∂5̇Σ + ρ5̇(x

5)
)2

+ . . .− 1

2

(
∂5̇Σ + ρ5̇(x

5)
)2

+ . . .− 1

2

(
∂5̇Σ + ρ5̇(x

5)
)2

+ . . .− 1

2

(
∂5̇Σ + ρ5̇(x

5)
)2

+ . . .− 1

2

(
∂5̇Σ + ρ5̇(x

5)
)2

+ . . .

Loop correctionsLoop correctionsLoop corrections

Consider for example the 111-loop correction to the mass of φφφ.

This must vanish by SUSY non-renormalization theorem.

φ φφ

Aµ

(a)

φ φ
Aµ

(b)

φ φχ

λ

(c)

φ φφ

Σ

(d)

φ φ
φ

(e)

φ φφ

Aµ

(a)

φ φ
Aµ

(b)

φ φχ

λ

(c)

φ φφ

Σ

(d)

φ φ
φ

(e)

φ φφ

Aµ

(a)

φ φ
Aµ

(b)

φ φχ

λ

(c)

φ φφ

Σ

(d)

φ φ
φ

(e)
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The result is:

∆m2 =
i

2πR

∑

α

∞∑

n=−∞

∫ d4p

(2π)4
Nα,n

p2 −m2
n

∆m2 =
i

2πR

∑

α

∞∑

n=−∞

∫ d4p

(2π)4
Nα,n

p2 −m2
n

∆m2 =
i

2πR

∑

α

∞∑

n=−∞

∫ d4p

(2π)4
Nα,n

p2 −m2
n

∆m2 =
i

2πR

∑

α

∞∑

n=−∞

∫ d4p

(2π)4
Nα,n

p2 −m2
n

∆m2 =
i

2πR

∑

α

∞∑

n=−∞

∫ d4p

(2π)4
Nα,n

p2 −m2
n

∆m2 =
i

2πR

∑

α

∞∑

n=−∞

∫ d4p

(2π)4
Nα,n

p2 −m2
n

∆m2 =
i

2πR

∑

α

∞∑

n=−∞

∫ d4p

(2π)4
Nα,n

p2 −m2
n

∆m2 =
i

2πR

∑

α

∞∑

n=−∞

∫ d4p

(2π)4
Nα,n

p2 −m2
n

∆m2 =
i

2πR

∑

α

∞∑

n=−∞

∫ d4p

(2π)4
Nα,n

p2 −m2
n

with

Na,nNa,nNa,nNa,nNa,nNa,nNa,nNa,nNa,n ========= −p2−p2−p2−p2−p2−p2−p2−p2−p2 Nb,nNb,nNb,nNb,nNb,nNb,nNb,nNb,nNb,n ========= 4 p24 p24 p24 p24 p24 p24 p24 p24 p2

Nc,nNc,nNc,nNc,nNc,nNc,nNc,nNc,nNc,n ========= −4 p2−4 p2−4 p2−4 p2−4 p2−4 p2−4 p2−4 p2−4 p2

Nd,nNd,nNd,nNd,nNd,nNd,nNd,nNd,nNd,n ========= m2
nm
2
nm
2
nm
2
nm
2
nm
2
nm
2
nm
2
nm
2
n Ne,nNe,nNe,nNe,nNe,nNe,nNe,nNe,nNe,n ========= p2 −m2

np2 −m2
np2 −m2
np2 −m2
np2 −m2
np2 −m2
np2 −m2
np2 −m2
np2 −m2
n

Low-energy theoryLow-energy theoryLow-energy theory

The low energy theory for E ≪ MCE ≪ MCE ≪ MC is obtained by integrat-

ing out ΣΣΣ. Neglecting ∂µ ∼ E∂µ ∼ E∂µ ∼ E with respect to ∂5 ∼ MC∂5 ∼ MC∂5 ∼ MC, its

equation of motion is:

∂5̇

(
∂5̇Σ + ρ5̇(x

5)
)

= 0∂5̇

(
∂5̇Σ + ρ5̇(x

5)
)

= 0∂5̇

(
∂5̇Σ + ρ5̇(x

5)
)

= 0∂5̇

(
∂5̇Σ + ρ5̇(x

5)
)

= 0∂5̇

(
∂5̇Σ + ρ5̇(x

5)
)

= 0∂5̇

(
∂5̇Σ + ρ5̇(x

5)
)

= 0∂5̇

(
∂5̇Σ + ρ5̇(x

5)
)

= 0∂5̇

(
∂5̇Σ + ρ5̇(x

5)
)

= 0∂5̇

(
∂5̇Σ + ρ5̇(x

5)
)

= 0

The solution is

∂5̇Σ = −
(
ρ5̇(x

5) − 1

2πR
ρ
)

∂5̇Σ = −
(
ρ5̇(x

5) − 1

2πR
ρ
)

∂5̇Σ = −
(
ρ5̇(x

5) − 1

2πR
ρ
)

∂5̇Σ = −
(
ρ5̇(x

5) − 1

2πR
ρ
)

∂5̇Σ = −
(
ρ5̇(x

5) − 1

2πR
ρ
)

∂5̇Σ = −
(
ρ5̇(x

5) − 1

2πR
ρ
)

∂5̇Σ = −
(
ρ5̇(x

5) − 1

2πR
ρ
)

∂5̇Σ = −
(
ρ5̇(x

5) − 1

2πR
ρ
)

∂5̇Σ = −
(
ρ5̇(x

5) − 1

2πR
ρ
)

with

ρ =
∫ 2π

0
dx5e5̇

5 ρ5̇(x
5) = |φ|2ρ =

∫ 2π

0
dx5e5̇

5 ρ5̇(x
5) = |φ|2ρ =

∫ 2π

0
dx5e5̇

5 ρ5̇(x
5) = |φ|2ρ =

∫ 2π

0
dx5e5̇

5 ρ5̇(x
5) = |φ|2ρ =

∫ 2π

0
dx5e5̇

5 ρ5̇(x
5) = |φ|2ρ =

∫ 2π

0
dx5e5̇

5 ρ5̇(x
5) = |φ|2ρ =

∫ 2π

0
dx5e5̇

5 ρ5̇(x
5) = |φ|2ρ =

∫ 2π

0
dx5e5̇

5 ρ5̇(x
5) = |φ|2ρ =

∫ 2π

0
dx5e5̇

5 ρ5̇(x
5) = |φ|2

Substituting back in the Lagrangian and integrating over x5x5x5,

one finds:

LeffLeffLeffLeffLeffLeffLeffLeffLeff ========= −1

4
F 2
µν +

i

2
λ̄1∂/λ1−1

4
F 2
µν +

i

2
λ̄1∂/λ1−1

4
F 2
µν +

i

2
λ̄1∂/λ1−1

4
F 2
µν +

i

2
λ̄1∂/λ1−1

4
F 2
µν +

i

2
λ̄1∂/λ1−1

4
F 2
µν +

i

2
λ̄1∂/λ1−1

4
F 2
µν +

i

2
λ̄1∂/λ1−1

4
F 2
µν +

i

2
λ̄1∂/λ1−1

4
F 2
µν +

i

2
λ̄1∂/λ1

+ |Dµφ|2 + iχ̄D/ χ− 1

2

ρ2

2πR
+ . . .+ |Dµφ|2 + iχ̄D/ χ− 1

2

ρ2

2πR
+ . . .+ |Dµφ|2 + iχ̄D/ χ− 1

2

ρ2

2πR
+ . . .+ |Dµφ|2 + iχ̄D/χ− 1

2

ρ2

2πR
+ . . .+ |Dµφ|2 + iχ̄D/χ− 1

2

ρ2

2πR
+ . . .+ |Dµφ|2 + iχ̄D/χ− 1

2

ρ2

2πR
+ . . .+ |Dµφ|2 + iχ̄D/χ− 1

2

ρ2

2πR
+ . . .+ |Dµφ|2 + iχ̄D/χ− 1

2

ρ2

2πR
+ . . .+ |Dµφ|2 + iχ̄D/χ− 1

2

ρ2

2πR
+ . . .
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GRAVITY INTERACTIONSGRAVITY INTERACTIONSGRAVITY INTERACTIONS

The Lagrangians for the N = 2N = 2N = 2 bulk minimal multiplet MMM
and tensor multiplet TTT are (M5 → 1M5 → 1M5 → 1):

LM
5LM
5LM
5LM
5LM
5LM
5LM
5LM
5LM
5 ========= −32~t

2− 1√
3
FABv

AB + ψ̄M~τγ
MNψN~t−32~t

2− 1√
3
FABv

AB + ψ̄M~τγ
MNψN~t−32~t

2− 1√
3
FABv

AB + ψ̄M~τγ
MNψN~t−32~t

2− 1√
3
FABv

AB + ψ̄M~τγ
MNψN~t−32~t

2− 1√
3
FABv

AB + ψ̄M~τγ
MNψN~t−32~t

2− 1√
3
FABv

AB + ψ̄M~τγ
MNψN~t−32~t

2− 1√
3
FABv

AB + ψ̄M~τγ
MNψN~t−32~t

2− 1√
3
FABv

AB + ψ̄M~τγ
MNψN~t−32~t

2− 1√
3
FABv

AB + ψ̄M~τγ
MNψN~t

− 1

6
√

3
εMNPQR(AMFNP − 3

2
ψ̄MγNψP )FQR− 1

6
√

3
εMNPQR(AMFNP − 3

2
ψ̄MγNψP )FQR− 1

6
√

3
εMNPQR(AMFNP − 3

2
ψ̄MγNψP )FQR− 1

6
√

3
εMNPQR(AMFNP − 3

2
ψ̄MγNψP )FQR− 1

6
√

3
εMNPQR(AMFNP − 3

2
ψ̄MγNψP )FQR− 1

6
√

3
εMNPQR(AMFNP − 3

2
ψ̄MγNψP )FQR− 1

6
√

3
εMNPQR(AMFNP − 3

2
ψ̄MγNψP )FQR− 1

6
√

3
εMNPQR(AMFNP − 3

2
ψ̄MγNψP )FQR− 1

6
√

3
εMNPQR(AMFNP − 3

2
ψ̄MγNψP )FQR

− 4C − 2iλ̄γMψM− 4C − 2iλ̄γMψM− 4C − 2iλ̄γMψM− 4C − 2iλ̄γMψM− 4C − 2iλ̄γMψM− 4C − 2iλ̄γMψM− 4C − 2iλ̄γMψM− 4C − 2iλ̄γMψM− 4C − 2iλ̄γMψM

LT
5LT
5LT
5LT
5LT
5LT
5LT
5LT
5LT
5 ========= Y -1

(
− 1

4
|DM

~Y |2 +W 2
A − i

2
ρ̄D/ ρ− (N + 6~t~Y )2Y -1

(
− 1

4
|DM

~Y |2 +W 2
A − i

2
ρ̄D/ ρ− (N + 6~t~Y )2Y -1

(
− 1

4
|DM

~Y |2 +W 2
A − i

2
ρ̄D/ ρ− (N + 6~t~Y )2Y -1

(
− 1

4
|DM

~Y |2 +W 2
A − i

2
ρ̄D/ ρ− (N + 6~t~Y )2Y -1

(
− 1

4
|DM

~Y |2 +W 2
A − i

2
ρ̄D/ ρ− (N + 6~t~Y )2Y -1

(
− 1

4
|DM

~Y |2 +W 2
A − i

2
ρ̄D/ ρ− (N + 6~t~Y )2Y -1

(
− 1

4
|DM

~Y |2 +W 2
A − i

2
ρ̄D/ ρ− (N + 6~t~Y )2Y -1

(
− 1

4
|DM

~Y |2 +W 2
A − i

2
ρ̄D/ ρ− (N + 6~t~Y )2Y -1

(
− 1

4
|DM

~Y |2 +W 2
A − i

2
ρ̄D/ ρ− (N + 6~t~Y )2

− 1

24
εMNPQR~Y (~HMN−Y -2DM

~Y×DN
~Y )BPQR− 1

24
εMNPQR~Y (~HMN−Y -2DM

~Y×DN
~Y )BPQR− 1

24
εMNPQR~Y (~HMN−Y -2DM

~Y×DN
~Y )BPQR− 1

24
εMNPQR~Y (~HMN−Y -2DM

~Y×DN
~Y )BPQR− 1

24
εMNPQR~Y (~HMN−Y -2DM

~Y×DN
~Y )BPQR− 1

24
εMNPQR~Y (~HMN−Y -2DM

~Y×DN
~Y )BPQR− 1

24
εMNPQR~Y (~HMN−Y -2DM

~Y×DN
~Y )BPQR− 1

24
εMNPQR~Y (~HMN−Y -2DM

~Y×DN
~Y )BPQR− 1

24
εMNPQR~Y (~HMN−Y -2DM

~Y×DN
~Y )BPQR

− 1

4
ψ̄M~τγ

MNPψN(~Y ×DP
~Y ) + 4 ρ̄ ~τλ ~Y Y

)
− 1

4
ψ̄M~τγ

MNPψN(~Y ×DP
~Y ) + 4 ρ̄ ~τλ ~Y Y

)
− 1

4
ψ̄M~τγ

MNPψN(~Y ×DP
~Y ) + 4 ρ̄ ~τλ ~Y Y

)
− 1

4
ψ̄M~τγ

MNPψN(~Y ×DP
~Y ) + 4 ρ̄ ~τλ ~Y Y

)
− 1

4
ψ̄M~τγ

MNPψN(~Y ×DP
~Y ) + 4 ρ̄ ~τλ ~Y Y

)
− 1

4
ψ̄M~τγ

MNPψN(~Y ×DP
~Y ) + 4 ρ̄ ~τλ ~Y Y

)
− 1

4
ψ̄M~τγ

MNPψN(~Y ×DP
~Y ) + 4 ρ̄ ~τλ ~Y Y

)
− 1

4
ψ̄M~τγ

MNPψN(~Y ×DP
~Y ) + 4 ρ̄ ~τλ ~Y Y

)
− 1

4
ψ̄M~τγ

MNPψN(~Y ×DP
~Y ) + 4 ρ̄ ~τλ ~Y Y

)

+Y
(
− 1

4
R(ω̂) − i

2
ψ̄Mγ

MNPDNψP − 1

6
F̂ 2
MNY

(
− 1

4
R(ω̂) − i

2
ψ̄Mγ

MNPDNψP − 1

6
F̂ 2
MNY

(
− 1

4
R(ω̂) − i

2
ψ̄Mγ

MNPDNψP − 1

6
F̂ 2
MNY

(
− 1

4
R(ω̂) − i

2
ψ̄Mγ

MNPDNψP − 1

6
F̂ 2
MNY

(
− 1

4
R(ω̂) − i

2
ψ̄Mγ

MNPDNψP − 1

6
F̂ 2
MNY

(
− 1

4
R(ω̂) − i

2
ψ̄Mγ

MNPDNψP − 1

6
F̂ 2
MNY

(
− 1

4
R(ω̂) − i

2
ψ̄Mγ

MNPDNψP − 1

6
F̂ 2
MNY

(
− 1

4
R(ω̂) − i

2
ψ̄Mγ

MNPDNψP − 1

6
F̂ 2
MNY

(
− 1

4
R(ω̂) − i

2
ψ̄Mγ

MNPDNψP − 1

6
F̂ 2
MN

+ 20~t
2
+ v2

AB − i

2
ψ̄AψBv

AB − ψ̄M~τ γ
MNψN~t+ 20~t

2
+ v2

AB − i

2
ψ̄AψBv

AB − ψ̄M~τ γ
MNψN~t+ 20~t

2
+ v2

AB − i

2
ψ̄AψBv

AB − ψ̄M~τ γ
MNψN~t+ 20~t

2
+ v2

AB − i

2
ψ̄AψBv

AB − ψ̄M~τ γ
MNψN~t+ 20~t

2
+ v2

AB − i

2
ψ̄AψBv

AB − ψ̄M~τ γ
MNψN~t+ 20~t

2
+ v2

AB − i

2
ψ̄AψBv

AB − ψ̄M~τ γ
MNψN~t+ 20~t

2
+ v2

AB − i

2
ψ̄AψBv

AB − ψ̄M~τ γ
MNψN~t+ 20~t

2
+ v2

AB − i

2
ψ̄AψBv

AB − ψ̄M~τ γ
MNψN~t+ 20~t

2
+ v2

AB − i

2
ψ̄AψBv

AB − ψ̄M~τ γ
MNψN~t

− i

4
√

3
ψ̄Pγ

MNPQψQF̂MN + 4C + 2iλ̄γMψM

)
− i

4
√

3
ψ̄Pγ

MNPQψQF̂MN + 4C + 2iλ̄γMψM

)
− i

4
√

3
ψ̄Pγ

MNPQψQF̂MN + 4C + 2iλ̄γMψM

)
− i

4
√

3
ψ̄Pγ

MNPQψQF̂MN + 4C + 2iλ̄γMψM

)
− i

4
√

3
ψ̄Pγ

MNPQψQF̂MN + 4C + 2iλ̄γMψM

)
− i

4
√

3
ψ̄Pγ

MNPQψQF̂MN + 4C + 2iλ̄γMψM

)
− i

4
√

3
ψ̄Pγ

MNPQψQF̂MN + 4C + 2iλ̄γMψM

)
− i

4
√

3
ψ̄Pγ

MNPQψQF̂MN + 4C + 2iλ̄γMψM

)
− i

4
√

3
ψ̄Pγ

MNPQψQF̂MN + 4C + 2iλ̄γMψM

)

+ ρ+ ρ+ ρ+ ρ+ ρ+ ρ+ ρ+ ρ+ ρ-dep. λλλλλλλλλ-indep.
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Notation:

WMWMWMWMWMWMWMWMWM =========
1

12
ǫMNPQR∂NBPQR +

1

4
ψ̄P~τγ

PMQψQ~Y
1

12
ǫMNPQR∂NBPQR +

1

4
ψ̄P~τγ

PMQψQ~Y
1

12
ǫMNPQR∂NBPQR +

1

4
ψ̄P~τγ

PMQψQ~Y
1

12
ǫMNPQR∂NBPQR +

1

4
ψ̄P~τγ

PMQψQ~Y
1

12
ǫMNPQR∂NBPQR +

1

4
ψ̄P~τγ

PMQψQ~Y
1

12
ǫMNPQR∂NBPQR +

1

4
ψ̄P~τγ

PMQψQ~Y
1

12
ǫMNPQR∂NBPQR +

1

4
ψ̄P~τγ

PMQψQ~Y
1

12
ǫMNPQR∂NBPQR +

1

4
ψ̄P~τγ

PMQψQ~Y
1

12
ǫMNPQR∂NBPQR +

1

4
ψ̄P~τγ

PMQψQ~Y

F̂MNF̂MNF̂MNF̂MNF̂MNF̂MNF̂MNF̂MNF̂MN ========= ∂MAN − ∂NAM + i(
√

3/2) ψ̄MψN∂MAN − ∂NAM + i(
√

3/2) ψ̄MψN∂MAN − ∂NAM + i(
√

3/2) ψ̄MψN∂MAN − ∂NAM + i(
√

3/2) ψ̄MψN∂MAN − ∂NAM + i(
√

3/2) ψ̄MψN∂MAN − ∂NAM + i(
√

3/2) ψ̄MψN∂MAN − ∂NAM + i(
√

3/2) ψ̄MψN∂MAN − ∂NAM + i(
√

3/2) ψ̄MψN∂MAN − ∂NAM + i(
√

3/2) ψ̄MψN

~HMN
~HMN
~HMN
~HMN
~HMN
~HMN
~HMN
~HMN
~HMN ========= DM

~VN −DN
~VMDM

~VN −DN
~VMDM

~VN −DN
~VMDM

~VN −DN
~VMDM

~VN −DN
~VMDM

~VN −DN
~VMDM

~VN −DN
~VMDM

~VN −DN
~VMDM

~VN −DN
~VM

The derivatives DMDMDM are SU (2)RSU (2)RSU (2)R and super-Lorentz covariant.

In particular:

DM
~YDM
~YDM
~YDM
~YDM
~YDM
~YDM
~YDM
~YDM
~Y ========= ∂M ~Y + ~VM × ~Y∂M ~Y + ~VM × ~Y∂M ~Y + ~VM × ~Y∂M ~Y + ~VM × ~Y∂M ~Y + ~VM × ~Y∂M ~Y + ~VM × ~Y∂M ~Y + ~VM × ~Y∂M ~Y + ~VM × ~Y∂M ~Y + ~VM × ~Y

DM
~VNDM
~VNDM
~VNDM
~VNDM
~VNDM
~VNDM
~VNDM
~VNDM
~VN ========= DM(ω̂)~VN + ~VM × ~VNDM(ω̂)~VN + ~VM × ~VNDM(ω̂)~VN + ~VM × ~VNDM(ω̂)~VN + ~VM × ~VNDM(ω̂)~VN + ~VM × ~VNDM(ω̂)~VN + ~VM × ~VNDM(ω̂)~VN + ~VM × ~VNDM(ω̂)~VN + ~VM × ~VNDM(ω̂)~VN + ~VM × ~VN

DMψNDMψNDMψNDMψNDMψNDMψNDMψNDMψNDMψN ========= DM(ω̂)ψN − i

2
~VM~τ ψNDM(ω̂)ψN − i

2
~VM~τ ψNDM(ω̂)ψN − i

2
~VM~τ ψNDM(ω̂)ψN − i

2
~VM~τ ψNDM(ω̂)ψN − i

2
~VM~τ ψNDM(ω̂)ψN − i

2
~VM~τ ψNDM(ω̂)ψN − i

2
~VM~τ ψNDM(ω̂)ψN − i

2
~VM~τ ψNDM(ω̂)ψN − i

2
~VM~τ ψN

The Z2Z2Z2 parities of MMM and TTT are:

M eAM ψM AM ~t vAB ~VM λ C

+ eaµ, e
5̇
5 ψ1

µ, ψ
2
5 A5 t1,2 va5̇ V 3

µ, V
1,2
5 λ1 C

− e5̇
µ, e

a
5 ψ2

µ, ψ
1
5 Aµ t3 vab V 1,2

µ , V 3
5 λ2

M eAM ψM AM ~t vAB ~VM λ C

+ eaµ, e
5̇
5 ψ1

µ, ψ
2
5 A5 t1,2 va5̇ V 3

µ, V
1,2
5 λ1 C

− e5̇
µ, e

a
5 ψ2

µ, ψ
1
5 Aµ t3 vab V 1,2

µ , V 3
5 λ2

M eAM ψM AM ~t vAB ~VM λ C

+ eaµ, e
5̇
5 ψ1

µ, ψ
2
5 A5 t1,2 va5̇ V 3

µ, V
1,2
5 λ1 C

− e5̇
µ, e

a
5 ψ2

µ, ψ
1
5 Aµ t3 vab V 1,2

µ , V 3
5 λ2

T ~Y BMNP ρ N

+ Y 1,2 Bµνρ ρ1 N

− Y 3 Bµν5 ρ2

T ~Y BMNP ρ N

+ Y 1,2 Bµνρ ρ1 N

− Y 3 Bµν5 ρ2

T ~Y BMNP ρ N

+ Y 1,2 Bµνρ ρ1 N

− Y 3 Bµν5 ρ2

13



At the fixed-points, the even components ofMMM form anN = 1N = 1N = 1

intermediate multiplet I = (eaµ, ψ
1
µ; aµ, ba, t

2+it1, λ1, S)I = (eaµ, ψ
1
µ; aµ, ba, t

2+it1, λ1, S)I = (eaµ, ψ
1
µ; aµ, ba, t

2+it1, λ1, S) with

SSSSSSSSS ========= C +
1

2
e5

5̇λ̄
1
ψ2

5 −
1

2
D5̇ t

3C +
1

2
e5

5̇λ̄
1
ψ2

5 −
1

2
D5̇ t

3C +
1

2
e5

5̇λ̄
1
ψ2

5 −
1

2
D5̇ t

3C +
1

2
e5

5̇λ̄
1
ψ2

5 −
1

2
D5̇ t

3C +
1

2
e5

5̇λ̄
1
ψ2

5 −
1

2
D5̇ t

3C +
1

2
e5

5̇λ̄
1
ψ2

5 −
1

2
D5̇ t

3C +
1

2
e5

5̇λ̄
1
ψ2

5 −
1

2
D5̇ t

3C +
1

2
e5

5̇λ̄
1
ψ2

5 −
1

2
D5̇ t

3C +
1

2
e5

5̇λ̄
1
ψ2

5 −
1

2
D5̇ t

3

aµaµaµaµaµaµaµaµaµ ========= −1

2

(
V 3
µ + 4 vµ5̇

)
− 2√

3
e5

5̇ F̂µ5−1

2

(
V 3
µ + 4 vµ5̇

)
− 2√

3
e5

5̇ F̂µ5−1

2

(
V 3
µ + 4 vµ5̇

)
− 2√

3
e5

5̇ F̂µ5−1

2

(
V 3
µ + 4 vµ5̇

)
− 2√

3
e5

5̇ F̂µ5−1

2

(
V 3
µ + 4 vµ5̇

)
− 2√

3
e5

5̇ F̂µ5−1

2

(
V 3
µ + 4 vµ5̇

)
− 2√

3
e5

5̇ F̂µ5−1

2

(
V 3
µ + 4 vµ5̇

)
− 2√

3
e5

5̇ F̂µ5−1

2

(
V 3
µ + 4 vµ5̇

)
− 2√

3
e5

5̇ F̂µ5−1

2

(
V 3
µ + 4 vµ5̇

)
− 2√

3
e5

5̇ F̂µ5

bababababababababa ========= va5̇va5̇va5̇va5̇va5̇va5̇va5̇va5̇va5̇

plus anN = 1N = 1N = 1 chiral mult. T = (πe5̇
5 + i(2π/

√
3)A5, πψ2

5;F T )T = (πe5̇
5 + i(2π/

√
3)A5, πψ2

5;F T )T = (πe5̇
5 + i(2π/

√
3)A5, πψ2

5;F T )

with qT = 0qT = 0qT = 0 and

F T = π
[
V 1

5 − 4 e5̇
5 t

2
]

+ iπ
[
V 2

5 + 4 e5̇
5 t

1
]

F T = π
[
V 1

5 − 4 e5̇
5 t

2
]

+ iπ
[
V 2

5 + 4 e5̇
5 t

1
]

F T = π
[
V 1

5 − 4 e5̇
5 t

2
]

+ iπ
[
V 2

5 + 4 e5̇
5 t

1
]

F T = π
[
V 1

5 − 4 e5̇
5 t

2
]

+ iπ
[
V 2

5 + 4 e5̇
5 t

1
]

F T = π
[
V 1

5 − 4 e5̇
5 t

2
]

+ iπ
[
V 2

5 + 4 e5̇
5 t

1
]

F T = π
[
V 1

5 − 4 e5̇
5 t

2
]

+ iπ
[
V 2

5 + 4 e5̇
5 t

1
]

F T = π
[
V 1

5 − 4 e5̇
5 t

2
]

+ iπ
[
V 2

5 + 4 e5̇
5 t

1
]

F T = π
[
V 1

5 − 4 e5̇
5 t

2
]

+ iπ
[
V 2

5 + 4 e5̇
5 t

1
]

F T = π
[
V 1

5 − 4 e5̇
5 t

2
]

+ iπ
[
V 2

5 + 4 e5̇
5 t

1
]

Similarly, the even components of TTT form an N = 1N = 1N = 1 chiral

multiplet S = (Y 2 + iY 1, ρ;F S)S = (Y 2 + iY 1, ρ;F S)S = (Y 2 + iY 1, ρ;F S) with qS = 2qS = 2qS = 2 and

F S =
[
− 2N + D5̇Y

3
]

+ i
[
− 2W 5̇ + 12(Y 2t1 − Y 1t2)

]
F S =

[
− 2N + D5̇Y

3
]

+ i
[
− 2W 5̇ + 12(Y 2t1 − Y 1t2)

]
F S =

[
− 2N + D5̇Y

3
]

+ i
[
− 2W 5̇ + 12(Y 2t1 − Y 1t2)

]
F S =

[
− 2N + D5̇Y

3
]

+ i
[
− 2W 5̇ + 12(Y 2t1 − Y 1t2)

]
F S =

[
− 2N + D5̇Y

3
]

+ i
[
− 2W 5̇ + 12(Y 2t1 − Y 1t2)

]
F S =

[
− 2N + D5̇Y

3
]

+ i
[
− 2W 5̇ + 12(Y 2t1 − Y 1t2)

]
F S =

[
− 2N + D5̇Y

3
]

+ i
[
− 2W 5̇ + 12(Y 2t1 − Y 1t2)

]
F S =

[
− 2N + D5̇Y

3
]

+ i
[
− 2W 5̇ + 12(Y 2t1 − Y 1t2)

]
F S =

[
− 2N + D5̇Y

3
]

+ i
[
− 2W 5̇ + 12(Y 2t1 − Y 1t2)

]

After gauge-fixing: III conformal gravity multiplet, S1/3S1/3S1/3 chiral

compensator multiplet, TTT radion chiral multiplet.

The Lagrangians for an N = 1N = 1N = 1 boundary chiral multiplet ΦΦΦ

and vector multiplet VVV with qΦ = 2/3qΦ = 2/3qΦ = 2/3 and qV = 0qV = 0qV = 0 are:

LΦ
4LΦ
4LΦ
4LΦ
4LΦ
4LΦ
4LΦ
4LΦ
4LΦ
4 ========= |Dµφ|2 + iχ̄D/ χ + |F − 4φ (t2− it1)|2|Dµφ|2 + iχ̄D/ χ + |F − 4φ (t2− it1)|2|Dµφ|2 + iχ̄D/ χ + |F − 4φ (t2− it1)|2|Dµφ|2 + iχ̄D/ χ + |F − 4φ (t2− it1)|2|Dµφ|2 + iχ̄D/ χ + |F − 4φ (t2− it1)|2|Dµφ|2 + iχ̄D/ χ + |F − 4φ (t2− it1)|2|Dµφ|2 + iχ̄D/ χ + |F − 4φ (t2− it1)|2|Dµφ|2 + iχ̄D/ χ + |F − 4φ (t2− it1)|2|Dµφ|2 + iχ̄D/ χ + |F − 4φ (t2− it1)|2

+
1

6
|φ|2

(
R + 2iψ̄1

µγ
µνρDνψ

1
ρ

)
+ · · ·+

1

6
|φ|2

(
R + 2iψ̄1

µγ
µνρDνψ

1
ρ

)
+ · · ·+

1

6
|φ|2

(
R + 2iψ̄1

µγ
µνρDνψ

1
ρ

)
+ · · ·+

1

6
|φ|2

(
R + 2iψ̄1

µγ
µνρDνψ

1
ρ

)
+ · · ·+

1

6
|φ|2

(
R + 2iψ̄1

µγ
µνρDνψ

1
ρ

)
+ · · ·+

1

6
|φ|2

(
R + 2iψ̄1

µγ
µνρDνψ

1
ρ

)
+ · · ·+

1

6
|φ|2

(
R + 2iψ̄1

µγ
µνρDνψ

1
ρ

)
+ · · ·+

1

6
|φ|2

(
R + 2iψ̄1

µγ
µνρDνψ

1
ρ

)
+ · · ·+

1

6
|φ|2

(
R + 2iψ̄1

µγ
µνρDνψ

1
ρ

)
+ · · ·

LV
4LV
4LV
4LV
4LV
4LV
4LV
4LV
4LV
4 ========= −1

4
G2
µν + iλ̄D/ λ +

1

2
D2 + · · ·−1

4
G2
µν + iλ̄D/ λ +

1

2
D2 + · · ·−1

4
G2
µν + iλ̄D/ λ +

1

2
D2 + · · ·−1

4
G2
µν + iλ̄D/ λ +

1

2
D2 + · · ·−1

4
G2
µν + iλ̄D/ λ +

1

2
D2 + · · ·−1

4
G2
µν + iλ̄D/ λ +

1

2
D2 + · · ·−1

4
G2
µν + iλ̄D/ λ +

1

2
D2 + · · ·−1

4
G2
µν + iλ̄D/ λ +

1

2
D2 + · · ·−1

4
G2
µν + iλ̄D/ λ +

1

2
D2 + · · ·
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The chiral U (1)RU (1)RU (1)R-covariant derivatives are given by

Dµ = Dµ + i q
(
aµ + 3 bµ

)
(iγ5̇)FDµ = Dµ + i q

(
aµ + 3 bµ

)
(iγ5̇)FDµ = Dµ + i q

(
aµ + 3 bµ

)
(iγ5̇)FDµ = Dµ + i q

(
aµ + 3 bµ

)
(iγ5̇)FDµ = Dµ + i q

(
aµ + 3 bµ

)
(iγ5̇)FDµ = Dµ + i q

(
aµ + 3 bµ

)
(iγ5̇)FDµ = Dµ + i q

(
aµ + 3 bµ

)
(iγ5̇)FDµ = Dµ + i q

(
aµ + 3 bµ

)
(iγ5̇)FDµ = Dµ + i q

(
aµ + 3 bµ

)
(iγ5̇)F

with

qφqφqφqφqφqφqφqφqφ ========= 2/32/32/32/32/32/32/32/32/3 qχqχqχqχqχqχqχqχqχ ========= −1/3−1/3−1/3−1/3−1/3−1/3−1/3−1/3−1/3

qAµqAµqAµqAµqAµqAµqAµqAµqAµ ========= 000000000 qλqλqλqλqλqλqλqλqλ ========= −1−1−1−1−1−1−1−1−1

The only non-trivial auxiliary field dependence in the boundary

Lagrangian is through aµ + 3 bµaµ + 3 bµaµ + 3 bµ. All the other auxiliary fields

can be integrated out through their equations of motion.

The fields CCC and λλλ act as Lagrangian multipliers and en-

force the contraints Y = 1Y = 1Y = 1 and ρ = 0ρ = 0ρ = 0. After gauge-fixing

~Y = (0, 1, 0)T~Y = (0, 1, 0)T~Y = (0, 1, 0)T , the remaining decoupled auxiliary fields can

be integrated out, keeping only the coupled combination:

Vµ = −2(aµ + 3 bµ) = V 3
µ − 2 vµ5̇ −

2√
3
e5

5̇ F̂µ5Vµ = −2(aµ + 3 bµ) = V 3
µ − 2 vµ5̇ −

2√
3
e5

5̇ F̂µ5Vµ = −2(aµ + 3 bµ) = V 3
µ − 2 vµ5̇ −

2√
3
e5

5̇ F̂µ5Vµ = −2(aµ + 3 bµ) = V 3
µ − 2 vµ5̇ −

2√
3
e5

5̇ F̂µ5Vµ = −2(aµ + 3 bµ) = V 3
µ − 2 vµ5̇ −

2√
3
e5

5̇ F̂µ5Vµ = −2(aµ + 3 bµ) = V 3
µ − 2 vµ5̇ −

2√
3
e5

5̇ F̂µ5Vµ = −2(aµ + 3 bµ) = V 3
µ − 2 vµ5̇ −

2√
3
e5

5̇ F̂µ5Vµ = −2(aµ + 3 bµ) = V 3
µ − 2 vµ5̇ −

2√
3
e5

5̇ F̂µ5Vµ = −2(aµ + 3 bµ) = V 3
µ − 2 vµ5̇ −

2√
3
e5

5̇ F̂µ5

The resulting Lagrangian is:

LLLLLLLLL =========
1

6
Ω5̇(x

5)
[
R + 2iψ̄Mγ

MNPDNψP +
2

3
V 2
µ

]
− 1

4
F̂ 2
µν

1

6
Ω5̇(x

5)
[
R + 2iψ̄Mγ

MNPDNψP +
2

3
V 2
µ

]
− 1

4
F̂ 2
µν

1

6
Ω5̇(x

5)
[
R + 2iψ̄Mγ

MNPDNψP +
2

3
V 2
µ

]
− 1

4
F̂ 2
µν

1

6
Ω5̇(x

5)
[
R + 2iψ̄Mγ

MNPDNψP +
2

3
V 2
µ

]
− 1

4
F̂ 2
µν

1

6
Ω5̇(x

5)
[
R + 2iψ̄Mγ

MNPDNψP +
2

3
V 2
µ

]
− 1

4
F̂ 2
µν

1

6
Ω5̇(x

5)
[
R + 2iψ̄Mγ

MNPDNψP +
2

3
V 2
µ

]
− 1

4
F̂ 2
µν

1

6
Ω5̇(x

5)
[
R + 2iψ̄Mγ

MNPDNψP +
2

3
V 2
µ

]
− 1

4
F̂ 2
µν

1

6
Ω5̇(x

5)
[
R + 2iψ̄Mγ

MNPDNψP +
2

3
V 2
µ

]
− 1

4
F̂ 2
µν

1

6
Ω5̇(x

5)
[
R + 2iψ̄Mγ

MNPDNψP +
2

3
V 2
µ

]
− 1

4
F̂ 2
µν

+ e5
5̇ δ(x

5)
[
|∂µφ|2 + iχ̄D/χ− 1

4
G2
µν + iλ̄D/ λ

]
+ e5

5̇ δ(x
5)

[
|∂µφ|2 + iχ̄D/χ− 1

4
G2
µν + iλ̄D/ λ

]
+ e5

5̇ δ(x
5)

[
|∂µφ|2 + iχ̄D/χ− 1

4
G2
µν + iλ̄D/ λ

]
+ e5

5̇ δ(x
5)

[
|∂µφ|2 + iχ̄D/χ− 1

4
G2
µν + iλ̄D/ λ

]
+ e5

5̇ δ(x
5)

[
|∂µφ|2 + iχ̄D/χ− 1

4
G2
µν + iλ̄D/ λ

]
+ e5

5̇ δ(x
5)

[
|∂µφ|2 + iχ̄D/χ− 1

4
G2
µν + iλ̄D/ λ

]
+ e5

5̇ δ(x
5)

[
|∂µφ|2 + iχ̄D/χ− 1

4
G2
µν + iλ̄D/ λ

]
+ e5

5̇ δ(x
5)

[
|∂µφ|2 + iχ̄D/χ− 1

4
G2
µν + iλ̄D/ λ

]
+ e5

5̇ δ(x
5)

[
|∂µφ|2 + iχ̄D/χ− 1

4
G2
µν + iλ̄D/ λ

]

+
1√
3

(
∂5̇Aµ +

1√
3
Jµ5̇(x

5)
)
V µ + · · ·+

1√
3

(
∂5̇Aµ +

1√
3
Jµ5̇(x

5)
)
V µ + · · ·+

1√
3

(
∂5̇Aµ +

1√
3
Jµ5̇(x

5)
)
V µ + · · ·+

1√
3

(
∂5̇Aµ +

1√
3
Jµ5̇(x

5)
)
V µ + · · ·+

1√
3

(
∂5̇Aµ +

1√
3
Jµ5̇(x

5)
)
V µ + · · ·+

1√
3

(
∂5̇Aµ +

1√
3
Jµ5̇(x

5)
)
V µ + · · ·+

1√
3

(
∂5̇Aµ +

1√
3
Jµ5̇(x

5)
)
V µ + · · ·+

1√
3

(
∂5̇Aµ +

1√
3
Jµ5̇(x

5)
)
V µ + · · ·+

1√
3

(
∂5̇Aµ +

1√
3
Jµ5̇(x

5)
)
V µ + · · ·
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The Kähler kinetic function is defined as

Ω5̇(x
5) = −3

2
+ e5

5̇ δ(x
5)|φ|2Ω5̇(x

5) = −3

2
+ e5

5̇ δ(x
5)|φ|2Ω5̇(x

5) = −3

2
+ e5

5̇ δ(x
5)|φ|2Ω5̇(x

5) = −3

2
+ e5

5̇ δ(x
5)|φ|2Ω5̇(x

5) = −3

2
+ e5

5̇ δ(x
5)|φ|2Ω5̇(x

5) = −3

2
+ e5

5̇ δ(x
5)|φ|2Ω5̇(x

5) = −3

2
+ e5

5̇ δ(x
5)|φ|2Ω5̇(x

5) = −3

2
+ e5

5̇ δ(x
5)|φ|2Ω5̇(x

5) = −3

2
+ e5

5̇ δ(x
5)|φ|2

The current which couples to VµVµVµ is the sum of

JΦ
µ5̇

(x5)JΦ
µ5̇

(x5)JΦ
µ5̇

(x5)JΦ
µ5̇

(x5)JΦ
µ5̇

(x5)JΦ
µ5̇

(x5)JΦ
µ5̇

(x5)JΦ
µ5̇

(x5)JΦ
µ5̇

(x5) ========= e5
5̇
δ(x5)

[
i(φ∗∂µφ−e5

5̇
δ(x5)

[
i(φ∗∂µφ−e5

5̇
δ(x5)

[
i(φ∗∂µφ−e5

5̇
δ(x5)

[
i(φ∗∂µφ−e5

5̇
δ(x5)

[
i(φ∗∂µφ−e5

5̇
δ(x5)

[
i(φ∗∂µφ−e5

5̇
δ(x5)

[
i(φ∗∂µφ−e5

5̇
δ(x5)

[
i(φ∗∂µφ−e5

5̇
δ(x5)

[
i(φ∗∂µφ−c.c.) − i

2
χ̄γµγ

5̇χ + · · ·
]

) − i

2
χ̄γµγ

5̇χ + · · ·
]

) − i

2
χ̄γµγ

5̇χ + · · ·
]

) − i

2
χ̄γµγ

5̇χ + · · ·
]

) − i

2
χ̄γµγ

5̇χ + · · ·
]

) − i

2
χ̄γµγ

5̇χ + · · ·
]

) − i

2
χ̄γµγ

5̇χ + · · ·
]

) − i

2
χ̄γµγ

5̇χ + · · ·
]

) − i

2
χ̄γµγ

5̇χ + · · ·
]

JVµ5̇(x
5)JVµ5̇(x
5)JVµ5̇(x
5)JVµ5̇(x
5)JVµ5̇(x
5)JVµ5̇(x
5)JVµ5̇(x
5)JVµ5̇(x
5)JVµ5̇(x
5) ========= e5

5̇ δ(x
5)

[
− 3i

2
ψ̄γµγ

5̇ψ + · · ·
]

e5
5̇ δ(x

5)
[
− 3i

2
ψ̄γµγ

5̇ψ + · · ·
]

e5
5̇ δ(x

5)
[
− 3i

2
ψ̄γµγ

5̇ψ + · · ·
]

e5
5̇ δ(x

5)
[
− 3i

2
ψ̄γµγ

5̇ψ + · · ·
]

e5
5̇ δ(x

5)
[
− 3i

2
ψ̄γµγ

5̇ψ + · · ·
]

e5
5̇ δ(x

5)
[
− 3i

2
ψ̄γµγ

5̇ψ + · · ·
]

e5
5̇ δ(x

5)
[
− 3i

2
ψ̄γµγ

5̇ψ + · · ·
]

e5
5̇ δ(x

5)
[
− 3i

2
ψ̄γµγ

5̇ψ + · · ·
]

e5
5̇ δ(x

5)
[
− 3i

2
ψ̄γµγ

5̇ψ + · · ·
]

JT
µ5̇

(x5)JT
µ5̇

(x5)JT
µ5̇

(x5)JT
µ5̇

(x5)JT
µ5̇

(x5)JT
µ5̇

(x5)JT
µ5̇

(x5)JT
µ5̇

(x5)JT
µ5̇

(x5) ========= −
√

3 e5
5̇
∂µA5 + · · ·−

√
3 e5

5̇
∂µA5 + · · ·−

√
3 e5

5̇
∂µA5 + · · ·−

√
3 e5

5̇
∂µA5 + · · ·−

√
3 e5

5̇
∂µA5 + · · ·−

√
3 e5

5̇
∂µA5 + · · ·−

√
3 e5

5̇
∂µA5 + · · ·−

√
3 e5

5̇
∂µA5 + · · ·−

√
3 e5

5̇
∂µA5 + · · ·

Note that:

∂5̇Aµ +
1√
3
JTµ5̇(x

5) = − e5
5̇F̂µ5∂5̇Aµ +

1√
3
JTµ5̇(x

5) = − e5
5̇F̂µ5∂5̇Aµ +

1√
3
JTµ5̇(x

5) = − e5
5̇F̂µ5∂5̇Aµ +

1√
3
JTµ5̇(x

5) = − e5
5̇F̂µ5∂5̇Aµ +

1√
3
JTµ5̇(x

5) = − e5
5̇F̂µ5∂5̇Aµ +

1√
3
JTµ5̇(x

5) = − e5
5̇F̂µ5∂5̇Aµ +

1√
3
JTµ5̇(x

5) = − e5
5̇F̂µ5∂5̇Aµ +

1√
3
JTµ5̇(x

5) = − e5
5̇F̂µ5∂5̇Aµ +

1√
3
JTµ5̇(x

5) = − e5
5̇F̂µ5

Redefining VµVµVµ through a shift to complete the squares, one

finds finally:

LLLLLLLLL =========
1

6
Ω5̇(x

5)
[
R + 2iψ̄Mγ

MNPDNψP +
2

3
Ṽ

2

µ

]
− 1

4
F̂ 2
µν

1

6
Ω5̇(x

5)
[
R + 2iψ̄Mγ

MNPDNψP +
2

3
Ṽ

2

µ

]
− 1

4
F̂ 2
µν

1

6
Ω5̇(x

5)
[
R + 2iψ̄Mγ

MNPDNψP +
2

3
Ṽ

2

µ

]
− 1

4
F̂ 2
µν

1

6
Ω5̇(x

5)
[
R + 2iψ̄Mγ

MNPDNψP +
2

3
Ṽ

2

µ

]
− 1

4
F̂ 2
µν

1

6
Ω5̇(x

5)
[
R + 2iψ̄Mγ

MNPDNψP +
2

3
Ṽ

2

µ

]
− 1

4
F̂ 2
µν

1

6
Ω5̇(x

5)
[
R + 2iψ̄Mγ

MNPDNψP +
2

3
Ṽ

2

µ

]
− 1

4
F̂ 2
µν

1

6
Ω5̇(x

5)
[
R + 2iψ̄Mγ

MNPDNψP +
2

3
Ṽ

2

µ

]
− 1

4
F̂ 2
µν

1

6
Ω5̇(x

5)
[
R + 2iψ̄Mγ

MNPDNψP +
2

3
Ṽ

2

µ

]
− 1

4
F̂ 2
µν

1

6
Ω5̇(x

5)
[
R + 2iψ̄Mγ

MNPDNψP +
2

3
Ṽ

2

µ

]
− 1

4
F̂ 2
µν

+ e5
5̇ δ(x

5)
[
|∂µφ|2 + iχ̄D/ χ− 1

4
G2
µν + iλ̄D/ λ

]
+ e5

5̇ δ(x
5)

[
|∂µφ|2 + iχ̄D/ χ− 1

4
G2
µν + iλ̄D/ λ

]
+ e5

5̇ δ(x
5)

[
|∂µφ|2 + iχ̄D/ χ− 1

4
G2
µν + iλ̄D/ λ

]
+ e5

5̇ δ(x
5)

[
|∂µφ|2 + iχ̄D/ χ− 1

4
G2
µν + iλ̄D/ λ

]
+ e5

5̇ δ(x
5)

[
|∂µφ|2 + iχ̄D/ χ− 1

4
G2
µν + iλ̄D/ λ

]
+ e5

5̇ δ(x
5)

[
|∂µφ|2 + iχ̄D/ χ− 1

4
G2
µν + iλ̄D/ λ

]
+ e5

5̇ δ(x
5)

[
|∂µφ|2 + iχ̄D/χ− 1

4
G2
µν + iλ̄D/ λ

]
+ e5

5̇ δ(x
5)

[
|∂µφ|2 + iχ̄D/χ− 1

4
G2
µν + iλ̄D/ λ

]
+ e5

5̇ δ(x
5)

[
|∂µφ|2 + iχ̄D/χ− 1

4
G2
µν + iλ̄D/ λ

]

− 3

4 Ω5̇(x
5)

(
∂5̇Aµ +

1√
3
Jµ5̇(x

5)
)2

+ · · ·− 3

4 Ω5̇(x
5)

(
∂5̇Aµ +

1√
3
Jµ5̇(x

5)
)2

+ · · ·− 3

4 Ω5̇(x
5)

(
∂5̇Aµ +

1√
3
Jµ5̇(x

5)
)2

+ · · ·− 3

4 Ω5̇(x
5)

(
∂5̇Aµ +

1√
3
Jµ5̇(x

5)
)2

+ · · ·− 3

4 Ω5̇(x
5)

(
∂5̇Aµ +

1√
3
Jµ5̇(x

5)
)2

+ · · ·− 3

4 Ω5̇(x
5)

(
∂5̇Aµ +

1√
3
Jµ5̇(x

5)
)2

+ · · ·− 3

4 Ω5̇(x
5)

(
∂5̇Aµ +

1√
3
Jµ5̇(x

5)
)2

+ · · ·− 3

4 Ω5̇(x
5)

(
∂5̇Aµ +

1√
3
Jµ5̇(x

5)
)2

+ · · ·− 3

4 Ω5̇(x
5)

(
∂5̇Aµ +

1√
3
Jµ5̇(x

5)
)2

+ · · ·

Loop correctionsLoop correctionsLoop corrections

Consider as before the 111-loop correction to the mass of φφφ,

which must vanish by SUSY non-renormalization theorem.
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φ φφ

gµν

(a)

φ φ
gµν

(b)

φ φχ

ψµ

(c)

φ φ
ψµ

(d)

φ φφ

AM

(e)

φ φ
AM

(f)

φ φ
φ

(g)

φ φ
Vµ

(h)

φ φφ

gµν

(a)

φ φ
gµν

(b)

φ φχ

ψµ

(c)

φ φ
ψµ

(d)

φ φφ

AM

(e)

φ φ
AM

(f)

φ φ
φ

(g)

φ φ
Vµ

(h)

φ φφ

gµν

(a)

φ φ
gµν

(b)

φ φχ

ψµ

(c)

φ φ
ψµ

(d)

φ φφ

AM

(e)

φ φ
AM

(f)

φ φ
φ

(g)

φ φ
Vµ

(h)

The result is:

∆m2 =
i

6πR

∑

α

∞∑

n=−∞

∫ d4p

(2π)4
Nα,n

p2 −m2
n

∆m2 =
i

6πR

∑

α

∞∑

n=−∞

∫ d4p

(2π)4
Nα,n

p2 −m2
n

∆m2 =
i

6πR

∑

α

∞∑

n=−∞

∫ d4p

(2π)4
Nα,n

p2 −m2
n

∆m2 =
i

6πR

∑

α

∞∑

n=−∞

∫ d4p

(2π)4
Nα,n

p2 −m2
n

∆m2 =
i

6πR

∑

α

∞∑

n=−∞

∫ d4p

(2π)4
Nα,n

p2 −m2
n

∆m2 =
i

6πR

∑

α

∞∑

n=−∞

∫ d4p

(2π)4
Nα,n

p2 −m2
n

∆m2 =
i

6πR

∑

α

∞∑

n=−∞

∫ d4p

(2π)4
Nα,n

p2 −m2
n

∆m2 =
i

6πR

∑

α

∞∑

n=−∞

∫ d4p

(2π)4
Nα,n

p2 −m2
n

∆m2 =
i

6πR

∑

α

∞∑

n=−∞

∫ d4p

(2π)4
Nα,n

p2 −m2
n

with

Na,nNa,nNa,nNa,nNa,nNa,nNa,nNa,nNa,n ========= 000000000 Nb,nNb,nNb,nNb,nNb,nNb,nNb,nNb,nNb,n ========= 5 p25 p25 p25 p25 p25 p25 p25 p25 p2

Nc,nNc,nNc,nNc,nNc,nNc,nNc,nNc,nNc,n ========= 000000000 Nd,nNd,nNd,nNd,nNd,nNd,nNd,nNd,nNd,n ========= −8 p2−8 p2−8 p2−8 p2−8 p2−8 p2−8 p2−8 p2−8 p2

Ne,nNe,nNe,nNe,nNe,nNe,nNe,nNe,nNe,n ========= p2 −m2
np2 −m2
np2 −m2
np2 −m2
np2 −m2
np2 −m2
np2 −m2
np2 −m2
np2 −m2
n Nf,nNf,nNf,nNf,nNf,nNf,nNf,nNf,nNf,n ========= −p2 + 4m2

n−p2 + 4m2
n−p2 + 4m2
n−p2 + 4m2
n−p2 + 4m2
n−p2 + 4m2
n−p2 + 4m2
n−p2 + 4m2
n−p2 + 4m2
n

Ng,nNg,nNg,nNg,nNg,nNg,nNg,nNg,nNg,n ========= −p2 +m2
n−p2 +m2
n−p2 +m2
n−p2 +m2
n−p2 +m2
n−p2 +m2
n−p2 +m2
n−p2 +m2
n−p2 +m2
n Nh,nNh,nNh,nNh,nNh,nNh,nNh,nNh,nNh,n ========= 4 p2 − 4m2

n4 p2 − 4m2
n4 p2 − 4m2
n4 p2 − 4m2
n4 p2 − 4m2
n4 p2 − 4m2
n4 p2 − 4m2
n4 p2 − 4m2
n4 p2 − 4m2
n
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Low-energy theoryLow-energy theoryLow-energy theory

The low energy theory for E ≪ MCE ≪ MCE ≪ MC is obtained by integrating

out AµAµAµ. Neglecting ∂µ ∼ E∂µ ∼ E∂µ ∼ E with respect to ∂5 ∼ MC∂5 ∼ MC∂5 ∼ MC, its

equation of motion is:

∂5̇

[
1

Ω5̇(x
5)

(
∂5̇Aµ +

1√
3
Jµ5̇(x

5)
)]

= 0∂5̇

[
1

Ω5̇(x
5)

(
∂5̇Aµ +

1√
3
Jµ5̇(x

5)
)]

= 0∂5̇

[
1

Ω5̇(x
5)

(
∂5̇Aµ +

1√
3
Jµ5̇(x

5)
)]

= 0∂5̇

[
1

Ω5̇(x
5)

(
∂5̇Aµ +

1√
3
Jµ5̇(x

5)
)]

= 0∂5̇

[
1

Ω5̇(x
5)

(
∂5̇Aµ +

1√
3
Jµ5̇(x

5)
)]

= 0∂5̇

[
1

Ω5̇(x
5)

(
∂5̇Aµ +

1√
3
Jµ5̇(x

5)
)]

= 0∂5̇

[
1

Ω5̇(x
5)

(
∂5̇Aµ +

1√
3
Jµ5̇(x

5)
)]

= 0∂5̇

[
1

Ω5̇(x
5)

(
∂5̇Aµ +

1√
3
Jµ5̇(x

5)
)]

= 0∂5̇

[
1

Ω5̇(x
5)

(
∂5̇Aµ +

1√
3
Jµ5̇(x

5)
)]

= 0

The solution is

∂5̇Aµ = − 1√
3

(
Jµ5̇(x

5) − Ω5̇(x
5)

Ω
Jµ

)
∂5̇Aµ = − 1√

3

(
Jµ5̇(x

5) − Ω5̇(x
5)

Ω
Jµ

)
∂5̇Aµ = − 1√

3

(
Jµ5̇(x

5) − Ω5̇(x
5)

Ω
Jµ

)
∂5̇Aµ = − 1√

3

(
Jµ5̇(x

5) − Ω5̇(x
5)

Ω
Jµ

)
∂5̇Aµ = − 1√

3

(
Jµ5̇(x

5) − Ω5̇(x
5)

Ω
Jµ

)
∂5̇Aµ = − 1√

3

(
Jµ5̇(x

5) − Ω5̇(x
5)

Ω
Jµ

)
∂5̇Aµ = − 1√

3

(
Jµ5̇(x

5) − Ω5̇(x
5)

Ω
Jµ

)
∂5̇Aµ = − 1√

3

(
Jµ5̇(x

5) − Ω5̇(x
5)

Ω
Jµ

)
∂5̇Aµ = − 1√

3

(
Jµ5̇(x

5) − Ω5̇(x
5)

Ω
Jµ

)

with

Ω =
∫ 2π

0
dx5e5̇

5 Ω5̇(x
5) = −3

2
(T + T ∗) + |φ|2Ω =

∫ 2π

0
dx5e5̇

5 Ω5̇(x
5) = −3

2
(T + T ∗) + |φ|2Ω =

∫ 2π

0
dx5e5̇

5 Ω5̇(x
5) = −3

2
(T + T ∗) + |φ|2Ω =

∫ 2π

0
dx5e5̇

5 Ω5̇(x
5) = −3

2
(T + T ∗) + |φ|2Ω =

∫ 2π

0
dx5e5̇

5 Ω5̇(x
5) = −3

2
(T + T ∗) + |φ|2Ω =

∫ 2π

0
dx5e5̇

5 Ω5̇(x
5) = −3

2
(T + T ∗) + |φ|2Ω =

∫ 2π

0
dx5e5̇

5 Ω5̇(x
5) = −3

2
(T + T ∗) + |φ|2Ω =

∫ 2π

0
dx5e5̇

5 Ω5̇(x
5) = −3

2
(T + T ∗) + |φ|2Ω =

∫ 2π

0
dx5e5̇

5 Ω5̇(x
5) = −3

2
(T + T ∗) + |φ|2

and

JΦ
µ =

∫ 2π

0
dx5e5̇

5J
Φ
µ5̇(x

5) = i(Ωφ∂µφ−JΦ
µ =

∫ 2π

0
dx5e5̇

5J
Φ
µ5̇(x

5) = i(Ωφ∂µφ−JΦ
µ =

∫ 2π

0
dx5e5̇

5J
Φ
µ5̇(x

5) = i(Ωφ∂µφ−JΦ
µ =

∫ 2π

0
dx5e5̇

5J
Φ
µ5̇(x

5) = i(Ωφ∂µφ−JΦ
µ =

∫ 2π

0
dx5e5̇

5J
Φ
µ5̇(x

5) = i(Ωφ∂µφ−JΦ
µ =

∫ 2π

0
dx5e5̇

5J
Φ
µ5̇(x

5) = i(Ωφ∂µφ−JΦ
µ =

∫ 2π

0
dx5e5̇

5J
Φ
µ5̇(x

5) = i(Ωφ∂µφ−JΦ
µ =

∫ 2π

0
dx5e5̇

5J
Φ
µ5̇(x

5) = i(Ωφ∂µφ−JΦ
µ =

∫ 2π

0
dx5e5̇

5J
Φ
µ5̇(x

5) = i(Ωφ∂µφ−c.c.)− i

2
Ωφφ∗χ̄γµγ

5̇χ+· · ·)− i

2
Ωφφ∗χ̄γµγ

5̇χ+· · ·)− i

2
Ωφφ∗χ̄γµγ

5̇χ+· · ·)− i

2
Ωφφ∗χ̄γµγ

5̇χ+· · ·)− i

2
Ωφφ∗χ̄γµγ

5̇χ+· · ·)− i

2
Ωφφ∗χ̄γµγ

5̇χ+· · ·)− i

2
Ωφφ∗χ̄γµγ

5̇χ+· · ·)− i

2
Ωφφ∗χ̄γµγ

5̇χ+· · ·)− i

2
Ωφφ∗χ̄γµγ

5̇χ+· · ·

JVµ =
∫ 2π

0
dx5e5̇

5J
V
µ5̇(x

5) = −3i

2
λ̄γµγ

5̇λ + · · ·JVµ =
∫ 2π

0
dx5e5̇

5J
V
µ5̇(x

5) = −3i

2
λ̄γµγ

5̇λ + · · ·JVµ =
∫ 2π

0
dx5e5̇

5J
V
µ5̇(x

5) = −3i

2
λ̄γµγ

5̇λ + · · ·JVµ =
∫ 2π

0
dx5e5̇

5J
V
µ5̇(x

5) = −3i

2
λ̄γµγ

5̇λ + · · ·JVµ =
∫ 2π

0
dx5e5̇

5J
V
µ5̇(x

5) = −3i

2
λ̄γµγ

5̇λ + · · ·JVµ =
∫ 2π

0
dx5e5̇

5J
V
µ5̇(x

5) = −3i

2
λ̄γµγ

5̇λ + · · ·JVµ =
∫ 2π

0
dx5e5̇

5J
V
µ5̇(x

5) = −3i

2
λ̄γµγ

5̇λ + · · ·JVµ =
∫ 2π

0
dx5e5̇

5J
V
µ5̇(x

5) = −3i

2
λ̄γµγ

5̇λ + · · ·JVµ =
∫ 2π

0
dx5e5̇

5J
V
µ5̇(x

5) = −3i

2
λ̄γµγ

5̇λ + · · ·

JTµ =
∫ 2π

0
dx5e5̇

5J
T
µ5̇(x

5) = i(ΩT∂µT−JTµ =
∫ 2π

0
dx5e5̇

5J
T
µ5̇(x

5) = i(ΩT∂µT−JTµ =
∫ 2π

0
dx5e5̇

5J
T
µ5̇(x

5) = i(ΩT∂µT−JTµ =
∫ 2π

0
dx5e5̇

5J
T
µ5̇(x

5) = i(ΩT∂µT−JTµ =
∫ 2π

0
dx5e5̇

5J
T
µ5̇(x

5) = i(ΩT∂µT−JTµ =
∫ 2π

0
dx5e5̇

5J
T
µ5̇(x

5) = i(ΩT∂µT−JTµ =
∫ 2π

0
dx5e5̇

5J
T
µ5̇(x

5) = i(ΩT∂µT−JTµ =
∫ 2π

0
dx5e5̇

5J
T
µ5̇(x

5) = i(ΩT∂µT−JTµ =
∫ 2π

0
dx5e5̇

5J
T
µ5̇(x

5) = i(ΩT∂µT−c.c.) + · · ·) + · · ·) + · · ·) + · · ·) + · · ·) + · · ·) + · · ·) + · · ·) + · · ·

Substituting back in the Lagrangian and integrating over x5x5x5,

one finds:

LeffLeffLeffLeffLeffLeffLeffLeffLeff =========
1

6
Ω

[
R + 2iψ̄1

µγ
µνρDνψ

1
ρ

]
− 1

4 Ω
J2
µ

1

6
Ω

[
R + 2iψ̄1

µγ
µνρDνψ

1
ρ

]
− 1

4 Ω
J2
µ

1

6
Ω

[
R + 2iψ̄1

µγ
µνρDνψ

1
ρ

]
− 1

4 Ω
J2
µ

1

6
Ω

[
R + 2iψ̄1

µγ
µνρDνψ

1
ρ

]
− 1

4 Ω
J2
µ

1

6
Ω

[
R + 2iψ̄1

µγ
µνρDνψ

1
ρ

]
− 1

4 Ω
J2
µ

1

6
Ω

[
R + 2iψ̄1

µγ
µνρDνψ

1
ρ

]
− 1

4 Ω
J2
µ

1

6
Ω

[
R + 2iψ̄1

µγ
µνρDνψ

1
ρ

]
− 1

4 Ω
J2
µ

1

6
Ω

[
R + 2iψ̄1

µγ
µνρDνψ

1
ρ

]
− 1

4 Ω
J2
µ

1

6
Ω

[
R + 2iψ̄1

µγ
µνρDνψ

1
ρ

]
− 1

4 Ω
J2
µ

+ Ωφφ∗

[
|∂µφ|2 + χ̄D/χ

]
+

[
−1

4
G2
µν + iλ̄D/ λ

]
+ · · ·+ Ωφφ∗

[
|∂µφ|2 + χ̄D/χ

]
+

[
−1

4
G2
µν + iλ̄D/ λ

]
+ · · ·+ Ωφφ∗

[
|∂µφ|2 + χ̄D/χ

]
+

[
−1

4
G2
µν + iλ̄D/ λ

]
+ · · ·+ Ωφφ∗

[
|∂µφ|2 + χ̄D/χ

]
+

[
−1

4
G2
µν + iλ̄D/ λ

]
+ · · ·+ Ωφφ∗

[
|∂µφ|2 + χ̄D/χ

]
+

[
−1

4
G2
µν + iλ̄D/ λ

]
+ · · ·+ Ωφφ∗

[
|∂µφ|2 + χ̄D/χ

]
+

[
−1

4
G2
µν + iλ̄D/ λ

]
+ · · ·+ Ωφφ∗

[
|∂µφ|2 + χ̄D/χ

]
+

[
−1

4
G2
µν + iλ̄D/ λ

]
+ · · ·+ Ωφφ∗

[
|∂µφ|2 + χ̄D/χ

]
+

[
−1

4
G2
µν + iλ̄D/ λ

]
+ · · ·+ Ωφφ∗

[
|∂µφ|2 + χ̄D/χ

]
+

[
−1

4
G2
µν + iλ̄D/ λ

]
+ · · ·
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LOOP EFFECTS IN SEQUESTERED MODELSLOOP EFFECTS IN SEQUESTERED MODELSLOOP EFFECTS IN SEQUESTERED MODELS

A generic sequestered model is defined by:

Ω5̇(x
5) = −3

2
M 3

5 + Ω0 e
5
5̇ δ(x

5− 0) + Ωπ e
5
5̇ δ(x

5− π)Ω5̇(x
5) = −3

2
M 3

5 + Ω0 e
5
5̇ δ(x

5− 0) + Ωπ e
5
5̇ δ(x

5− π)Ω5̇(x
5) = −3

2
M 3

5 + Ω0 e
5
5̇ δ(x

5− 0) + Ωπ e
5
5̇ δ(x

5− π)Ω5̇(x
5) = −3

2
M 3

5 + Ω0 e
5
5̇ δ(x

5− 0) + Ωπ e
5
5̇ δ(x

5− π)Ω5̇(x
5) = −3

2
M 3

5 + Ω0 e
5
5̇ δ(x

5− 0) + Ωπ e
5
5̇ δ(x

5− π)Ω5̇(x
5) = −3

2
M 3

5 + Ω0 e
5
5̇ δ(x

5− 0) + Ωπ e
5
5̇ δ(x

5− π)Ω5̇(x
5) = −3

2
M 3

5 + Ω0 e
5
5̇ δ(x

5− 0) + Ωπ e
5
5̇ δ(x

5− π)Ω5̇(x
5) = −3

2
M 3

5 + Ω0 e
5
5̇ δ(x

5− 0) + Ωπ e
5
5̇ δ(x

5− π)Ω5̇(x
5) = −3

2
M 3

5 + Ω0 e
5
5̇ δ(x

5− 0) + Ωπ e
5
5̇ δ(x

5− π)

We take:

Ω0,π = −3L0,πM
3
5 + Φ0,πΦ

†
0,πΩ0,π = −3L0,πM

3
5 + Φ0,πΦ

†
0,πΩ0,π = −3L0,πM

3
5 + Φ0,πΦ

†
0,πΩ0,π = −3L0,πM

3
5 + Φ0,πΦ

†
0,πΩ0,π = −3L0,πM

3
5 + Φ0,πΦ

†
0,πΩ0,π = −3L0,πM

3
5 + Φ0,πΦ

†
0,πΩ0,π = −3L0,πM

3
5 + Φ0,πΦ

†
0,πΩ0,π = −3L0,πM

3
5 + Φ0,πΦ

†
0,πΩ0,π = −3L0,πM

3
5 + Φ0,πΦ

†
0,π

The kinetic function of the effective theory is then

Ω(Ω0,π, T + T †) = −3

2
(T + T †)M 3

5 + Ω0 + ΩπΩ(Ω0,π, T + T †) = −3

2
(T + T †)M 3

5 + Ω0 + ΩπΩ(Ω0,π, T + T †) = −3

2
(T + T †)M 3

5 + Ω0 + ΩπΩ(Ω0,π, T + T †) = −3

2
(T + T †)M 3

5 + Ω0 + ΩπΩ(Ω0,π, T + T †) = −3

2
(T + T †)M 3

5 + Ω0 + ΩπΩ(Ω0,π, T + T †) = −3

2
(T + T †)M 3

5 + Ω0 + ΩπΩ(Ω0,π, T + T †) = −3

2
(T + T †)M 3

5 + Ω0 + ΩπΩ(Ω0,π, T + T †) = −3

2
(T + T †)M 3

5 + Ω0 + ΩπΩ(Ω0,π, T + T †) = −3

2
(T + T †)M 3

5 + Ω0 + Ωπ

and

M 2
P =

(
ReT + L0 + Lπ

)
M 3

5M 2
P =

(
ReT + L0 + Lπ

)
M 3

5M 2
P =

(
ReT + L0 + Lπ

)
M 3

5M 2
P =

(
ReT + L0 + Lπ

)
M 3

5M 2
P =

(
ReT + L0 + Lπ

)
M 3

5M 2
P =

(
ReT + L0 + Lπ

)
M 3

5M 2
P =

(
ReT + L0 + Lπ

)
M 3

5M 2
P =

(
ReT + L0 + Lπ

)
M 3

5M 2
P =

(
ReT + L0 + Lπ

)
M 3

5

The 111-loop correction to this has a divergent TTT -indep. (local)

plus a finite TTT -dep. (non-local) parts. The relevant part is:

∆Ω(Ω0,π, T + T †) =
∞∑

m,n=0

cm,n Ωm
0 Ωn

π

M
3(m+n)
5 (T + T †)2+m+n

∆Ω(Ω0,π, T + T †) =
∞∑

m,n=0

cm,n Ωm
0 Ωn

π

M
3(m+n)
5 (T + T †)2+m+n

∆Ω(Ω0,π, T + T †) =
∞∑

m,n=0

cm,n Ωm
0 Ωn

π

M
3(m+n)
5 (T + T †)2+m+n

∆Ω(Ω0,π, T + T †) =
∞∑

m,n=0

cm,n Ωm
0 Ωn

π

M
3(m+n)
5 (T + T †)2+m+n

∆Ω(Ω0,π, T + T †) =
∞∑

m,n=0

cm,n Ωm
0 Ωn

π

M
3(m+n)
5 (T + T †)2+m+n

∆Ω(Ω0,π, T + T †) =
∞∑

m,n=0

cm,n Ωm
0 Ωn

π

M
3(m+n)
5 (T + T †)2+m+n

∆Ω(Ω0,π, T + T †) =
∞∑

m,n=0

cm,n Ωm
0 Ωn

π

M
3(m+n)
5 (T + T †)2+m+n

∆Ω(Ω0,π, T + T †) =
∞∑

m,n=0

cm,n Ωm
0 Ωn

π

M
3(m+n)
5 (T + T †)2+m+n

∆Ω(Ω0,π, T + T †) =
∞∑

m,n=0

cm,n Ωm
0 Ωn

π

M
3(m+n)
5 (T + T †)2+m+n

The corresponding component effective action is ∆Γ =
[
∆Ω

]

D
∆Γ =

[
∆Ω

]

D
∆Γ =

[
∆Ω

]

D
.

In particular, when F π 6= 0F π 6= 0F π 6= 0 and/or F T 6= 0F T 6= 0F T 6= 0:

Vac. energy: cm,nLm0 L
n
π|F T |2cm,nLm0 L
n
π|F T |2cm,nLm0 L
n
π|F T |2, cm,nLm0 Ln−1

π |F π|2cm,nLm0 L
n−1
π |F π|2cm,nLm0 L
n−1
π |F π|2

Soft masses: cm,nL
m−1
0 Lnπ|F T |2cm,nL
m−1
0 Lnπ|F T |2cm,nL
m−1
0 Lnπ|F T |2, cm,nLm−1

0 Ln−1
π |F π|2cm,nL

m−1
0 Ln−1

π |F π|2cm,nL
m−1
0 Ln−1

π |F π|2

To derive the cm,ncm,ncm,ns, one chooses one operator for each super-

space term in ∆Ω∆Ω∆Ω, and computes its induced coefficient.

19



StrategyStrategyStrategy

Crucial trick: use non-SUSY background with F T = 2πǫ 6= 0F T = 2πǫ 6= 0F T = 2πǫ 6= 0.

This corresponds to a SU (2)RSU (2)RSU (2)R Wilson line, and can be achieved

in two ways: SS twist or constant boundary superpotentials.

Only the gravitino KK modes are affected: mn = (n + ǫ)/Rmn = (n + ǫ)/Rmn = (n + ǫ)/R.

von Gersdorff, Quiros, Riotto;

Bagger, Feruglio, Zwirner

This leads to huge simplifications:

• One can use operators with scalars and no derivatives

⇒⇒⇒ Few diagrams, mostly with quartic couplings.

• The amplitudes must vanish in the SUSY limit ǫ→ 0ǫ → 0ǫ→ 0

⇒⇒⇒ All the information is in the gravitino diagrams.

In the end, there is a single type of diagram for each cm,ncm,ncm,n:

Ω0

Ω0

Ωπ

Ω0
Ωπ

Ωπ

Ω0Ω0

Ω0

Ωπ

Ω0
Ωπ

Ωπ

Ω0Ω0

Ω0

Ωπ

Ω0
Ωπ

Ωπ

Ω0

The set of operator that we want to compute is given by the

effective potential ∆V = −∂T∂T ∗∆Ω|F T |2∆V = −∂T∂T ∗∆Ω|F T |2∆V = −∂T∂T ∗∆Ω|F T |2, function ofRRR and

α0,π =
Ω0,π

6πRM 3
5

= −L0,π

2πR
+

|φ0,π|2
6πRM 3

5

= −r0,π + |ϕ0,π|2α0,π =
Ω0,π

6πRM 3
5

= −L0,π

2πR
+

|φ0,π|2
6πRM 3

5

= −r0,π + |ϕ0,π|2α0,π =
Ω0,π

6πRM 3
5

= −L0,π

2πR
+

|φ0,π|2
6πRM 3

5

= −r0,π + |ϕ0,π|2α0,π =
Ω0,π

6πRM 3
5

= −L0,π

2πR
+

|φ0,π|2
6πRM 3

5

= −r0,π + |ϕ0,π|2α0,π =
Ω0,π

6πRM 3
5

= −L0,π

2πR
+

|φ0,π|2
6πRM 3

5

= −r0,π + |ϕ0,π|2α0,π =
Ω0,π

6πRM 3
5

= −L0,π

2πR
+

|φ0,π|2
6πRM 3

5

= −r0,π + |ϕ0,π|2α0,π =
Ω0,π

6πRM 3
5

= −L0,π

2πR
+

|φ0,π|2
6πRM 3

5

= −r0,π + |ϕ0,π|2α0,π =
Ω0,π

6πRM 3
5

= −L0,π

2πR
+

|φ0,π|2
6πRM 3

5

= −r0,π + |ϕ0,π|2α0,π =
Ω0,π

6πRM 3
5

= −L0,π

2πR
+

|φ0,π|2
6πRM 3

5

= −r0,π + |ϕ0,π|2

20



The precise expression of the operators to be matched is:
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The gravitino contribution to the full effective potential is:
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Putting these two pieces together and simplifying one finds:
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The O(ǫ0)O(ǫ0)O(ǫ0) part cancels the contributions of other bulk fields.

The O(ǫ2)O(ǫ2)O(ǫ2) part yields the relevant potential ∆V∆V∆V that we need.

The O(ǫ2n)O(ǫ2n)O(ǫ2n) terms map to D-terms with superderivatives.

Expanding ∆Wψ|ǫ2∆Wψ|ǫ2∆Wψ|ǫ2 in powers of α0,πα0,πα0,π and comparing with the

general expression for ∆V∆V∆V , one extracts the coefficients cm,ncm,ncm,n.
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An independent and direct computation exploiting supergraph

techniques leads to the same results.

Buchbinder et al.

Since we know the exact expression ∆Wψ|ǫ2∆Wψ|ǫ2∆Wψ|ǫ2 for ∆V∆V∆V , we can

do better and find the exact expression for ∆Ω∆Ω∆Ω by solving the
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This shows in particular that all the cm,ncm,ncm,ns are positive.
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ResultsResultsResults

The results for the vacuum energy and soft masses are:
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and the normalized functions
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For r0,π = 0r0,π = 0r0,π = 0, δE4δE4δE4 and δm2
0δm2
0δm2
0 are negative ⇒⇒⇒ not interesting.

For r0,π 6= 0r0,π 6= 0r0,π 6= 0, δE4δE4δE4 and δm2
0δm2
0δm2
0 can have any sign ⇒⇒⇒ interesting.

Three main cases for the dependence on RRR at fixed L0,πL0,πL0,π:

• L0 = 0L0 = 0L0 = 0, Lπ = 0Lπ = 0Lπ = 0: δE4δE4δE4 unstable, δm2
0 ∼ −(δE4)′δm2
0 ∼ −(δE4)′δm2
0 ∼ −(δE4)′.

• L0 = 0L0 = 0L0 = 0, Lπ 6= 0Lπ 6= 0Lπ 6= 0: δE4δE4δE4 stable, δm2
0 ∼ −(δE4)′δm2
0 ∼ −(δE4)′δm2
0 ∼ −(δE4)′.

• L0 6= 0L0 6= 0L0 6= 0, Lπ 6= 0Lπ 6= 0Lπ 6= 0: δE4δE4δE4 metastable, δm2
0 6∼ −(δE4)′δm2
0 6∼ −(δE4)′δm2
0 6∼ −(δE4)′.
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PROTOTYPE MODELPROTOTYPE MODELPROTOTYPE MODEL

The goal is to achieve values of TTT , F TF TF T , F πF πF π, F SF SF S such that:

• E4 ∼ 0E4 ∼ 0E4 ∼ 0 ⇒⇒⇒ tuning of PPP .

• δgravm2
0 > 0δgravm2
0 > 0δgravm2
0 > 0 ⇒⇒⇒ needs rπ 6= 0rπ 6= 0rπ 6= 0.

• δgravm2
0 ∼ δgaum2
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0δgravm2
0 ∼ δgaum2

0 ⇒⇒⇒ indep. stab. mech.

One can try to combine localized kinetic terms with gaugino

condensation, with:
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To have E4 ∼ 0E4 ∼ 0E4 ∼ 0 we need Λ3
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πMP. We then get:
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To have rπ ≫ 1rπ ≫ 1rπ ≫ 1 we need Lπ ≫ (αΛ)−1Lπ ≫ (αΛ)−1Lπ ≫ (αΛ)−1. In this limit:
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OUTLOOKOUTLOOKOUTLOOK

• Bulk-to-boundary couplings now well understood and

full theory under controll.

• Radius-dependent quantum corrections to sfermion

squared masses generally negative, but can become

positive with sizable localized kinetic terms.

• Sequestered models can work, but radion dynamics

plays a crucial.
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