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1 — Introduction/motivation

Three observations:

1. One of the main tools in Superstring Theory is the correspondence between
(p + 1)-form potentials in their supergravity description and p- states. We
need all the (p 4+ 1)-form potentials in democratic formulations.

2. Gauged supergravities (sometimes obtained via flux compactifications) are
interesting because of

[1 their non-Abelian gauge symmetries, their scalar potentials that break
supersymmetry fixing the moduli .

[0 their importance in (generalizations of) the AdS/ correspondence.

3. The embedding tensor method (Cordaro, Fré, Gualtieri, Termonia & Trigiante,

arXiv:hep-th/9804056. ) can be used to construct systematically the most general
gauged supergravities . This construction requires the introduction of additional
(p 4+ 1)-form potentials.

= By using the embedding tensor method to gauge arbitrary 4-dimensional FT's, we
may be able to find all their (p + 1)-form potentials, their democratic formulations
and the extended objects ( ) that can couple to them.
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From tensor hierarchies to new susy solutions

What we are going to do in this seminar:

aSo far, only maximal and half-maximal supergravities have been studied from this point of view
de Wit, Samtleben & Trigiante, arXiv:hep-th/0412173, Samtleben & Weidner arXiv:hep-th/0506237, Schon
& Weidner, arXiv:hep-th/0602024, de Wit, Samtleben & Trigiante, arXiv:0705.2101, Bergshoeff, Gomis,
Nutma & Roest, arXiv:0711.2035, de Wit, Nicolai & Samtleben, arXiv:0801.1294. The only exception is
de Vroome & de Wit arXiv:0707.2717, but the U(2) R-symmetry group has not been properly taken
into account.
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3. Only the 2- and 3-forms can be coupled to dynamic (strings and domain
walls ). We will construct a supersymmetric domain-wall effective action to be
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corresponding supersymmetric domain-wall solutions.
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2 — The embedding tensor method and the tensor hierarchy

Consider an arbitrary (N = 1 supergravity -inspired) 4-dimensional ungauged FT
with bosonic fields {Z¢, A*} (gravity plays no relevant role here)

Su[Zt, AN = / (=2Gi;+dZ NdZ* 9" —23m frs FANKFE+2Re fas FANF® —xV (Z, Z7)} .

with F* = dA”, the fundamental (electric ) field strengths and fas = fas(Z).
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2 — The embedding tensor method and the tensor hierarchy

Consider an arbitrary (N = 1 supergravity -inspired) 4-dimensional ungauged FT
with bosonic fields {Z¢, A*} (gravity plays no relevant role here)

Su[Zt, AN = / (=2Gi;+dZ NdZ* 9" —23m frs FANKFE+2Re fas FANF® —xV (Z, Z7)} .

with F* = dA”, the fundamental (electric ) field strengths and fas = fas(Z).

In 4-d one can define magnetic ( ) 1-forms Ay: if the Maxwell equations are
dGr =0, where GpT = ngFE+,
then we can replace them by the relations (+ Bianchi identity)

Gpa = Fyr, where Fj\=dAj.
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The theory is invariant under the local Abelian transformations

SAAZ = dA” SpAs = dAs;
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The theory is invariant under the local Abelian transformations

SAAZ = dA” SpAs = dAs;

Furthermore, it (its equations of motion) may have non-perturbative global
symmetries, including electric -magnetic rotations:

6aZ' = oka"(2),

Safar = a™{=Taas +2Ta " foya — Ta™" foafrs},
( AN ) B Tas® Ta™t ( AZ )
Ja A = « As. :
A Tasn Ta™a
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The theory is invariant under the local Abelian transformations

SAAZ = dA” SpAs = dAs;
Furthermore, it (its equations of motion) may have non-perturbative global
symmetries, including electric -magnetic rotations:
6aZ' = oka"(2),
Safar = a™{=Taas +2Ta " foya — Ta™" foafrs},
AA ) TAZ]A TAZA AZ
Ja An = « As. :
Tasn Ta™a

The T4 matrices either belong to sp(2ny,R) or vanish (Gaillard & Zumino). We
introduce the notation

A Tas™ Ta™*
A = ( AZ ) (TAMN) = < > ) [TAaTB] — _fABCTC-

¥
Tasn Ta™A
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Gauging the global symmetries of a FT with constant parameters o means

deforming it to make it invariant when the o are arbitrary functions o (z).
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local A" (z) and the use of the corresponding 1-form A" as gauge field A“ of that
symmetry.
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Gauging the global symmetries of a FT with constant parameters o means

deforming it to make it invariant when the o are arbitrary functions o (z).

The standard gauging procedure requires the identification of each o (z) with a

local A" (z) and the use of the corresponding 1-form A" as gauge field A“ of that
symmetry.

Each embedding tensor ¥, defines a possible set of identifications:

ot (z) = AZ9s? + AP 4, A% = AZ9s A + As9E 4,

Leaving ¢ . undetermined we can study all possibilities simultaneously.

¥1.,4 is subject to several constraints. First of all, the electric and magnetic charges
must be mutually local (de Wit, Samtleben & Trigiante, arXiv:hep-th/0507289)
satisfying the second quadratic constraint:

QABEiﬁ A9 B =0.
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From tensor hierarchies to new susy solutions

If we try to construct the covariant derivatives ®
DZ' =dZ' + AV 9 kA’
they will only transform covariantly under

a2t = AMY,kAN2),
orA = —DAM = —(dAM + INAT4 pM AN ALY,
if 9,,4 is an invariant tensor
a0t ==A"Qunt =0, Qun? =9uPTs nT09p? — I BONC fR? .

Qv =0 is the (standard) quadratic constraint in the embedding tensor formalism.
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If we try to construct the covariant derivatives ®
DZ' =dZ" + AV 9, kA"
they will only transform covariantly under
a2t = AMY,kAN2),
orA = —DAM = —(dAM + I T pM AV ALY,
if 1,4 is an invariant tensor
a0t ==A"Qunt =0, Qun? =9uPTs nT09p? — I BONC fR? .

Qv =0 is the (standard) quadratic constraint in the embedding tensor formalism.

Finally, we must impose another (linear or representation constraint) on top of the
two quadratic ones Qv = Q48 =0:

L =9 Tanp) =0.

We can’t construct gauge -covariant 2-form field strengths "' without it!
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From tensor hierarchies to new susy solutions

The simultaneous use of electric and magnetic 1-forms as gauge fields has an
importance consequence: we have to modify the naive 2-form field strengths

F

naive

by adding a Stiickelberg coupling to a 2-form B 4:

FY =dAY + 29 ATap™ AV ANAY + 2V 4By, ZMA = —

N|—
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by adding a Stiickelberg coupling to a 2-form B 4:
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Now one has to construct a covariant 3-form field strength H 4 for the B4 and it
turns out that one needs to introduce a Stiickelberg coupling to a 3-form C'4
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The simultaneous use of electric and magnetic 1-forms as gauge fields has an
importance consequence: we have to modify the naive 2-form field strengths

F

naive

=dA" + 29 ATap AV NAT,
by adding a Stiickelberg coupling to a 2-form B 4:

FY =dAY + 29 ATap™ AV ANAY + 2V 4By, 74 =1y,

1
2
Now one has to construct a covariant 3-form field strength H 4 for the B4 and it
turns out that one needs to introduce a Stiickelberg coupling to a 3-form C'4

The covariant 4-form field strength for C'4 """, G4 requires in Stiickelberg couplings
to 4-forms DAB,D ,DE

In higher dimensions the story goes on up to the d-form level (de Wit, Samtleben
arXiv:0805.4767; Hartong, O. arXiv:0906.4043). In 4-d it stops here.
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The simultaneous use of electric and magnetic 1-forms as gauge fields has an
importance consequence: we have to modify the naive 2-form field strengths

F

naive

=dA" + 29 ATap AV NAT,
by adding a Stiickelberg coupling to a 2-form B 4:

FY =dAY + 29 ATap AV NAT + 2V 4By, 74 =1y,

1
2
Now one has to construct a covariant 3-form field strength H 4 for the B4 and it
turns out that one needs to introduce a Stiickelberg coupling to a 3-form C'4

The covariant 4-form field strength for C'4 """, G4 requires in Stiickelberg couplings
to 4-forms DAB,D ,DE

In higher dimensions the story goes on up to the d-form level (de Wit, Samtleben
arXiv:0805.4767; Hartong, O. arXiv:0906.4043). In 4-d it stops here.

In this way, for any 4-d Field Theory, we always obtain a tower of (p + 1)-forms
AY B, Co",Dap, D ,Dg'"" related by gauge transformations:

The (generic, bosonic , 4-dimensional) tensor hierarchy .
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But, what does 1t mean?
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3 — The meaning of the d = 4 tensor hierarchy

These are the fields that we need to gauge an arbitrary FT.
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3 — The meaning of the d = 4 tensor hierarchy

These are the fields that we need to gauge an arbitrary FT.

However, gauging must not introduce new continuous degrees of freedom in a FT"
for p < d — 3 they must be related by relations to the fundamental ones.
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3 — The meaning of the d = 4 tensor hierarchy

These are the fields that we need to gauge an arbitrary FT.

However, gauging must not introduce new continuous degrees of freedom in a FT"
for p < d — 3 they must be related by relations to the fundamental ones.

These relations together with the 1st order Bianchi identities

DDZ' = F"09, k4" .

DFM = ZMAHg, .

DHAs=Ts v FY" ANFY +Y 4.,Go

must give the 2nd order equations of motion.
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0 The magnetic 1-forms A, must be related to the electric ones A" via the
relation

Fp =Gy
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0 The magnetic 1-forms A, must be related to the electric ones A" via the
relation

Fp =Gy

[0 The 2-forms B4 must be related to the Noether 1-form currents j 4 associated to
the global symmetries via the relation

Ha=—5%ja
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0 The magnetic 1-forms A, must be related to the electric ones A" via the

relation
Fn =Gy .
[ The 2-forms B4 must be related to the Noether 1-form currents j 4 associated to
the global symmetries via the relation
1 5
HA — 5 *x 74 .
[1 These two relations together with the Bianchi identity ®F =2 “Hy4
give a set of electric -magnetic -covariant Maxwell equations:
@FA:—iﬁAA*jA ; @GA:iﬁAA*jA

February 10th 2010 IBERIAN STRINGS 2010, Porto

Page 10-c



From tensor hierarchies to new susy solutions

0 The magnetic 1-forms A, must be related to the electric ones A" via the
relation

FA:GA.

[0 The 2-forms B4 must be related to the Noether 1-form currents j 4 associated to
the global symmetries via the relation

1 .
HA:—§*]A .

[1 These two relations together with the Bianchi identity ®F =2 “Hy4
give a set of electric -magnetic -covariant Maxwell equations:

@FA:—iﬁAA*jA ; @GA:iﬁAA*jA

[ The 3-forms C~ must be “ to constants”, i.e. to the deformation
parameters. Their indices are indeed conjugate to those of the embedding tensor

9., ¢. This is expressed through the formula
oV
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From tensor hierarchies to new susy solutions
[1 Using the three relations in the Bianchi identity of H 4 we get

o oV
09 ©

:D*jA:ZLTA G NG —I—*YA
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From tensor hierarchies to new susy solutions
[1 Using the three relations in the Bianchi identity of H 4 we get

o oV
09 ©

:D*jA:ZLTA G NG —I—*YA

This equation is similar to the consistency condition (gauge or Noether identity)
that Noether currents must satisfy off-shell in FT's with gauge invariance:

o oV

Dxja=—-2ks'E +ce)+4Ts G NG +xY 4 59,0

where &; is the e.o.m. of Z*. Both equations, together, imply

]CAigi +c.c.=0 .

which is equivalent to the scalar e.o.m. for symmetric o-models.
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[1 Using the three relations in the Bianchi identity of H 4 we get

o oV
09 ©

:D*jA:ZLTA G NG —I—*YA

This equation is similar to the consistency condition (gauge or Noether identity)
that Noether currents must satisfy off-shell in FT's with gauge invariance:

o oV

Dxja=—-2ks'E +ce)+4Ts G NG +xY 4 59,0

where &; is the e.o.m. of Z*. Both equations, together, imply

]CAigi +c.c.=0 .

which is equivalent to the scalar e.o.m. for symmetric o-models.

[J Finally, the indices of the three 4-forms D45, D ,Dg are conjugate to
those of the constraints Q“'7, Q ,() 7. They are Lagrange multipliers
enforcing them.
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This interpretation is confirmed by the existence of a gauge -invariant (democratic)
action for all these fields, (including the embedding tensor 9, (z)!):

This gauge -invariant action is given by

Sguv, 7' A

 BA,Ca'',Dg"' ,Dup,D A =

/{—QQij*@Zi AKDZ*I" 4 2F2 NGy — +V

—A4Z%4Bs N (Fs — 3Z5PBg) — 5 X sA ANA A (F* — Z*PBp)

3

—%X[ ]ZA N A /\(dAZ—iX[ ]EA /\A)
—209 AN (Cy + A" ABy)

+2Q F(Dp  —1A ANA ABp)+2Q°PDap+2L

D
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From tensor hierarchies to new susy solutions

4 — Application: general gaugings of N = 1,d = 4 supergravity

Now we want to apply our results to gauge a generic N =1 d = 4 supergravity .
The main difference with the (half-) maximally supersymmetric cases is that
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[0 (half-) maximally supergravity the group of automorphisms of the

supersymmetry algebra (R-symmetry) Haut C Ghos C G, the global symmetry
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4 — Application: general gaugings of N = 1,d = 4 supergravity

Now we want to apply our results to gauge a generic N =1 d = 4 supergravity .
The main difference with the (half-) maximally supersymmetric cases is that

[0 (half-) maximally supergravity the group of automorphisms of the
supersymmetry algebra (R-symmetry) Haut C Ghos C G, the global symmetry
group. In fact, the always scalars parametrize the coset G/Hut X Humattor-

0 In N =1 N =2 supergravity one can write G = Gpos X Haut, i.e. R-symmetry
only acts on the fermions , which have been ignored in the construction of the

universal tensor hierarchy .
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4 — Application: general gaugings of N = 1,d = 4 supergravity

Now we want to apply our results to gauge a generic N =1 d = 4 supergravity .
The main difference with the (half-) maximally supersymmetric cases is that

[0 (half-) maximally supergravity the group of automorphisms of the
supersymmetry algebra (R-symmetry) Haut C Ghos C G, the global symmetry
group. In fact, the always scalars parametrize the coset G/Hut X Humattor-

0 In N =1 N =2 supergravity one can write G = Gpos X Haut, i.e. R-symmetry
only acts on the fermions , which have been ignored in the construction of the
universal tensor hierarchy .

[0 N =1 supergravity can be deformed with an arbitrary holomorphic
superpotential /V/(Z) which appears through the covariantly holomorphic section

of Kahler weight (1, —1) £(Z, Z*):
(Z,2*) = W(Z)e*/?, DL =0,
coupling to the fermions in various ways and gives rise to the scalar potential

Vo(Z,2*) = —24|L|* + 8G9 D,LD;. L.
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From tensor hierarchies to new susy solutions

[0 When £(Z,Z*) # 0, we must transform it under U(1)p to leave the theory

invariant. However, the scalars Z* are inert under U(1)r and we can only accept
the transformation of £(Z, Z*) if we can associate it to another kind of
symmetry which acts on the scalars.
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[0 When £(Z,Z*) # 0, we must transform it under U(1)p to leave the theory

invariant. However, the scalars Z* are inert under U(1)r and we can only accept
the transformation of £(Z, Z*) if we can associate it to another kind of
symmetry which acts on the scalars.

[0 In other words: U(1)g is broken by £(Z, Z*) # 0.
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[0 When £(Z,Z*) # 0, we must transform it under U(1)p to leave the theory

invariant. However, the scalars Z* are inert under U(1)r and we can only accept
the transformation of £(Z, Z*) if we can associate it to another kind of
symmetry which acts on the scalars.

[0 In other words: U(1)g is broken by £(Z, Z*) # 0.

[1 In the tensor hierarchy formalism we have to introduce a new constraint
restricting the possible values of the embedding tensor when £(Z, Z*) # 0.
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[0 When £(Z,Z*) # 0, we must transform it under U(1)p to leave the theory

invariant. However, the scalars Z* are inert under U(1)r and we can only accept
the transformation of £(Z, Z*) if we can associate it to another kind of
symmetry which acts on the scalars.

[0 In other words: U(1)g is broken by £(Z, Z*) # 0.

[1 In the tensor hierarchy formalism we have to introduce a new constraint
restricting the possible values of the embedding tensor when £(Z, Z*) # 0.

[1 A new constraint may give rise to new Stiickelberg couplings and new
higher-rank forms in the tensor hierarchy (for instance, 4-forms).
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[0 When £(Z,Z*) # 0, we must transform it under U(1)p to leave the theory

invariant. However, the scalars Z* are inert under U(1)r and we can only accept
the transformation of £(Z, Z*) if we can associate it to another kind of
symmetry which acts on the scalars.

[0 In other words: U(1)g is broken by £ (Z, Z*) # 0.

[1 In the tensor hierarchy formalism we have to introduce a new constraint
restricting the possible values of the embedding tensor when £(Z, Z*) # 0.

[1 A new constraint may give rise to new Stiickelberg couplings and new
higher-rank forms in the tensor hierarchy (for instance, 4-forms).

We want to find all these new potentials and their
supersymmetry transformations to find possible new
supersymmetric extended objects ( )in N =1
supergravity .
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From tensor hierarchies to new susy solutions

5 — Reminder: Ungauged N = 1,d = 4 supergravity
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The basic NV = 1,d = 4 massless supermultiplets are

Bosons Fermions  Spins

February 10th 2010 IBERIAN STRINGS 2010, Porto Page 15-d



From tensor hierarchies to new susy solutions

5 — Reminder: Ungauged N = 1,d = 4 supergravity

The basic NV = 1,d = 4 massless supermultiplets are

Bosons Fermions  Spins

ny (Electric) Vector supermultiplets
(i=1,--ny)
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5 — Reminder: Ungauged N = 1,d = 4 supergravity

The basic NV = 1,d = 4 massless supermultiplets are

Bosons Fermions  Spins

ny (Electric) Vector supermultiplets A* "
G=1,-ny)
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5 — Reminder: Ungauged N = 1,d = 4 supergravity

The basic NV = 1,d = 4 massless supermultiplets are

Bosons Fermions  Spins

ny (Electric) Vector supermultiplets — A*>, A
G=1,-ny)
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5 — Reminder: Ungauged N = 1,d = 4 supergravity

The basic NV = 1,d = 4 massless supermultiplets are

Bosons Fermions  Spins

ny (Electric) Vector supermultiplets — A*>, A (1,1/2)
(i=1,ny)
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From tensor hierarchies to new susy solutions

5 — Reminder: Ungauged N = 1,d = 4 supergravity

The basic NV = 1,d = 4 massless supermultiplets are

Bosons Fermions  Spins

ny (Electric) Vector supermultiplets — A*>, A= (1,1/2)
(i=1,---ny)
nc Chiral multiplets
(i=1,-nc)
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5 — Reminder: Ungauged N = 1,d = 4 supergravity

The basic NV = 1,d = 4 massless supermultiplets are

Bosons Fermions  Spins

ny (Electric) Vector supermultiplets — A*>, A (1,1/2)
(i=1,---ny)
nc Chiral multiplets Z"
(i=1,-nc)
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From tensor hierarchies to new susy solutions

5 — Reminder: Ungauged N = 1,d = 4 supergravity

The basic NV = 1,d = 4 massless supermultiplets are

Bosons Fermions  Spins

ny (Electric) Vector supermultiplets — A*>, A (1,1/2)
(i=1,---ny)
nc Chiral multiplets A x*
(i=1,-nc)
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5 — Reminder: Ungauged N = 1,d = 4 supergravity

The basic NV = 1,d = 4 massless supermultiplets are

Bosons Fermions  Spins

ny (Electric) Vector supermultiplets — A*>, A (1,1/2)
(i=1,--ny)
nc Chiral multiplets Z" X" (0,1/2)
(i=1, - nc)
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From tensor hierarchies to new susy solutions

5 — Reminder: Ungauged N = 1,d = 4 supergravity

The basic NV = 1,d = 4 massless supermultiplets are

Bosons Fermions  Spins

ny (Electric) Vector supermultiplets — A*>, A (1,1/2)
(i=1,ny)
nc Chiral multiplets A X (0,1/2)
(i=1,nc)

The supergravity multiplet
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5 — Reminder: Ungauged N = 1,d = 4 supergravity

The basic NV = 1,d = 4 massless supermultiplets are

Bosons Fermions  Spins

ny (Electric) Vector supermultiplets — A*>, A (1,1/2)
(i=1,--ny)
nc Chiral multiplets Z" X" (0,1/2)
(i=1, - nc)
The supergravity multiplet 2
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5 — Reminder: Ungauged N = 1,d = 4 supergravity

The basic NV = 1,d = 4 massless supermultiplets are

Bosons Fermions  Spins

ny (Electric) Vector supermultiplets — A*>, A (1,1/2)

(i=1,ny)

nc Chiral multiplets A X (0,1/2)

(i=1,nc)

The supergravity multiplet e, (M (2,3/2)
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From tensor hierarchies to new susy solutions

5 — Reminder: Ungauged N = 1,d = 4 supergravity

The basic N = 1,d = 4 massless supermultiplets are

Bosons Fermions  Spins

ny (Electric) Vector supermultiplets — A*>, A (1,1/2)
(i=1,--ny)
nc Chiral multiplets A X (0,1/2)
(i=1,nc)
The supergravity multiplet e, (M (2,3/2)

The bosonic action is the one we have considered before

Sulguw, 2%, AN = /{*R— 204i+dZ" ANxdZ*7" —23m [ an F* A %F~

+2Re [ A FANNF> — %V (Z,2%)}.
with ijr = 828]* and fAE = fAE(Z)
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From tensor hierarchies to new susy solutions

6 — Gauging N = 1,d = 4 supergravity

[0 U(1)g only acts on the spinors as a multiplication by e_iqa#, where ¢ is the
Kahler weight. Then A = a, # where the a-labeled symmetries act on bosons .
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From tensor hierarchies to new susy solutions

6 — Gauging N = 1,d = 4 supergravity

[0 U(1)g only acts on the spinors as a multiplication by e_iqo‘#, where ¢ is the
Kahler weight. Then A = a, # where the a-labeled symmetries act on bosons .

[1 Gauging symmetries that act on the scalars requires the introduction of the
A(Z, Z*) to construct covariant derivatives

kAi* :z@z* A, @MwV:{v/i—i_% M—|—ZA Mﬁ A A} beya etc.
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6 — Gauging N = 1,d = 4 supergravity

U(1)r only acts on the spinors as a multiplication by e_iqo‘#, where ¢ is the
Kahler weight. Then A = a, # where the a-labeled symmetries act on bosons .

Gauging symmetries that act on the scalars requires the introduction of the
A(Z, Z*) to construct covariant derivatives

kAi* :z(?z* A, @M,(?bV:{vM—i_% M—|—ZA Mﬁ A A} beya etc.

We can also introduce constant and vanishing Killing vectors
for symmetries that do not act on the scalars A = a, #: 7., 7% ( F-I terms.)
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6 — Gauging N = 1,d = 4 supergravity

[0 U(1)g only acts on the spinors as a multiplication by e‘iqo‘#, where ¢ is the
Kahler weight. Then A = a, # where the a-labeled symmetries act on bosons .

[1 Gauging symmetries that act on the scalars requires the introduction of the
A(Z, Z*) to construct covariant derivatives

kAi* :z@z* A, @M’QDV:{VM—F% M—|—ZA Mﬁ A A} ¢V, etc.

[1 We can also introduce constant and vanishing Killing vectors
for symmetries that do not act on the scalars A = a, #: 7., 7% ( F-I terms.)

[1 The symmetries A = a, # cannot be with a gauged with a F-I term if £ £ 0
because they are broken. This is expressed by the constraint

0, = Q. =9 A((SAé Q—I—(SA# %) =0 .
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6 — Gauging N = 1,d = 4 supergravity

[0 U(1)g only acts on the spinors as a multiplication by e‘iqo‘#, where ¢ is the
Kahler weight. Then A = a, # where the a-labeled symmetries act on bosons .

[1 Gauging symmetries that act on the scalars requires the introduction of the
A(Z, Z*) to construct covariant derivatives

kAi* :z@z* A, @M’QDV:{VM—F% M—|—ZA Mﬁ A A} ¢V, etc.

[1 We can also introduce constant and vanishing Killing vectors
for symmetries that do not act on the scalars A = a, #: 7., 7% ( F-I terms.)

[1 The symmetries A = a, # cannot be with a gauged with a F-I term if £ £ 0
because they are broken. This is expressed by the constraint

0, = Q. =9 A((SAé Q—I—(SA# %) =0 .

We expect changes in the standard d = 4 tensor hierarchy (at least new 3-form C
and 4-forms D ) which have to be confirmed by checking supersymmetry .
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From tensor hierarchies to new susy solutions

7 — The N =1,d = 4 supersymmetric tensor hierarchy

As a first step to include the tensor hierarchy fields into N =1 supergravity we have
constructed supersymmetry transformation rules such that the local supersymmetry
algebra, to leading order in fermions , closes on the new fields up to relations
(Hartong, Hiibscher, O. arXiv:0903.0509) .
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7 — The N =1,d = 4 supersymmetric tensor hierarchy

As a first step to include the tensor hierarchy fields into N =1 supergravity we have
constructed supersymmetry transformation rules such that the local supersymmetry
algebra, to leading order in fermions , closes on the new fields up to relations
(Hartong, Hiibscher, O. arXiv:0903.0509) .

For the lower-rank p-forms (at least) we can introduce the supersymmetric partners
of the tensor hierarchy ’s fields and the supersymmetry algebra closes exactly.
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7 — The N =1,d = 4 supersymmetric tensor hierarchy

As a first step to include the tensor hierarchy fields into N =1 supergravity we have
constructed supersymmetry transformation rules such that the local supersymmetry
algebra, to leading order in fermions , closes on the new fields up to relations
(Hartong, Hiibscher, O. arXiv:0903.0509) .

For the lower-rank p-forms (at least) we can introduce the supersymmetric partners
of the tensor hierarchy ’s fields and the supersymmetry algebra closes exactly.

This construction requires new rules for the supersymmetric partners.
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7 — The N =1,d = 4 supersymmetric tensor hierarchy

As a first step to include the tensor hierarchy fields into N = 1 supergravity we have
constructed supersymmetry transformation rules such that the local supersymmetry

algebra, to leading order in fermions , closes on the new fields up to relations
(Hartong, Hiibscher, O. arXiv:0903.0509) .

For the lower-rank p-forms (at least) we can introduce the supersymmetric partners
of the tensor hierarchy ’s fields and the supersymmetry algebra closes exactly.

This construction requires new rules for the supersymmetric partners.

One obtains, through the closure of the supersymmetry algebra, the gauge
transformations of the fields, confirming independently the hierarchy’s results:
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7 — The N =1,d = 4 supersymmetric tensor hierarchy

As a first step to include the tensor hierarchy fields into N = 1 supergravity we have
constructed supersymmetry transformation rules such that the local supersymmetry

algebra, to leading order in fermions , closes on the new fields up to relations
(Hartong, Hiibscher, O. arXiv:0903.0509) .

For the lower-rank p-forms (at least) we can introduce the supersymmetric partners
of the tensor hierarchy ’s fields and the supersymmetry algebra closes exactly.

This construction requires new rules for the supersymmetric partners.

One obtains, through the closure of the supersymmetry algebra, the gauge
transformations of the fields, confirming independently the hierarchy’s results:

[0 There are two 3-forms C', C? associated to 2 new deformation parameters of
N =1 supergravity : g!,g?.
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7 — The N =1,d = 4 supersymmetric tensor hierarchy

As a first step to include the tensor hierarchy fields into N = 1 supergravity we have
constructed supersymmetry transformation rules such that the local supersymmetry

algebra, to leading order in fermions , closes on the new fields up to relations
(Hartong, Hiibscher, O. arXiv:0903.0509) .

For the lower-rank p-forms (at least) we can introduce the supersymmetric partners
of the tensor hierarchy ’s fields and the supersymmetry algebra closes exactly.

This construction requires new rules for the supersymmetric partners.

One obtains, through the closure of the supersymmetry algebra, the gauge
transformations of the fields, confirming independently the hierarchy’s results:

[0 There are two 3-forms C', C? associated to 2 new deformation parameters of
N =1 supergravity : g!,g?.

[0 There is a new 4-form D associated to the new constraint ()
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From tensor hierarchies to new susy solutions

The 3-forms C*, C*?

We find a complex 3-form C,,, = Clwp + iCQWp with

0cCpvp = 120L € v V™ 5 + 2D; &Y oX" + C.C.
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From tensor hierarchies to new susy solutions

The 3-forms C*, C*?

We find a complex 3-form C,,, = Clwp + iCQWp with
0cCpvp = 120L € v V™ 5 + 2D; E*fywpxi + c.c.

Replacing everywhere /. — (g! + ig?)/ where g! and g2 are two coupling

constants, the local supersymmetry algebra closes upon the relation
: 1%
dC = (g +ig?) « (—24|L|* + 80" D;LD;-L*), or dC'= %*a . 5=1,2.
gl
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From tensor hierarchies to new susy solutions

The 3-forms C*, C*?

We find a complex 3-form C,,, = Clwp + iC2Wp with
0cCpvp = 120L € v V™ 5 + 2D; e YuwoX" + c.c.

Replacing everywhere /. — (g! + ig?)/ where g! and g2 are two coupling

constants, the local supersymmetry algebra closes upon the relation
: 1%
dC = (g +ig?) « (—24|L|* + 80" D;LDj<L*), or dC”:%*a - i=1,2.
gl

There is always a 3-form for each deformation parameter.
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From tensor hierarchies to new susy solutions

The 3-forms C*, C*?

We find a complex 3-form C,,, = Clwp + iC2Wp with
0cCpvp = 120L € v V™ 5 + 2D; e YuwoX" + c.c.

Replacing everywhere /. — (g! + ig?)/ where g! and g2 are two coupling

constants, the local supersymmetry algebra closes upon the relation
: 1%
dC = (g +ig?) « (—24|L|* + 80" D;LDj<L*), or dC”:%*a - i=1,2.
gl

There is always a 3-form for each deformation parameter.

The 4-forms D

In the ungauged ¥, = 0 case when there are no symmetries acting on the 1-forms

i.e. 1Ty = 0 (for simplicity) the supersymmetry transformations are
6. D" = —L%LEN" +cc.+CASA
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From tensor hierarchies to new susy solutions

8 — The supersymmetric objects of N = 1 supergravity
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From tensor hierarchies to new susy solutions

8 — The supersymmetric objects of N = 1 supergravity

One of the main motivations for this work was to find supersymmetric p-
objects of NV =1 supergravity and their supersymmetric worldvolume effective
actions, which can be used as sources of the corresponding supersymmetric solutions.

(p + 1)-potentials < p- actions «» supersymmetric solutions.
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8 — The supersymmetric objects of N = 1 supergravity

One of the main motivations for this work was to find supersymmetric p-
objects of NV =1 supergravity and their supersymmetric worldvolume effective
actions, which can be used as sources of the corresponding supersymmetric solutions.

(p + 1)-potentials < p- actions «» supersymmetric solutions.

Only (p + 1)-form potentials transforming into gravitini can be used to build
effective actions of dynamical p- . These are

1 2
e, Ba,C°,C
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8 — The supersymmetric objects of N = 1 supergravity

One of the main motivations for this work was to find supersymmetric p-
objects of NV =1 supergravity and their supersymmetric worldvolume effective
actions, which can be used as sources of the corresponding supersymmetric solutions.

(p + 1)-potentials < p- actions «» supersymmetric solutions.

Only (p + 1)-form potentials transforming into gravitini can be used to build
effective actions of dynamical p- . These are

1 2
e, Ba,C°,C

This agrees with the results on the classification of supersymmetric solutions of
N =1 supergravity (Gran, Gutowski, & Papadopoulos, and T.O.): only

pp-waves (e%,,), strings (B4) and domain walls (C*, C?).
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8 — The supersymmetric objects of N = 1 supergravity

One of the main motivations for this work was to find supersymmetric p-
objects of NV =1 supergravity and their supersymmetric worldvolume effective
actions, which can be used as sources of the corresponding supersymmetric solutions.

(p + 1)-potentials < p- actions «» supersymmetric solutions.

Only (p + 1)-form potentials transforming into gravitini can be used to build
effective actions of dynamical p- . These are

1 2
e, Ba,C°,C

This agrees with the results on the classification of supersymmetric solutions of
N =1 supergravity (Gran, Gutowski, & Papadopoulos, and T.O.): only

pp-waves (e%,,), strings (B4) and domain walls (C*, C?).

We are going to focus on the domain walls associated to the 3-form C* (g2 = 0). We
consider the ungauged theory with only chiral supermultiplets and superpotential
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From tensor hierarchies to new susy solutions

9 — Domain-wall solutions of N = 1 supergravity
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From tensor hierarchies to new susy solutions

9 — Domain-wall solutions of N = 1 supergravity

The metric of a 4-d domain-wall solution can always be written in the form

ds* = Hn,,drtdx” = H())[mpdz™dz™ — d 2], m,n=0,1,2.
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9 — Domain-wall solutions of N = 1 supergravity

The metric of a 4-d domain-wall solution can always be written in the form

ds* = Hn,,drtdx” = H())[mpdz™dz™ — d 2], m,n=0,1,2.

If the Z* = Z*(//) the gravitino Killing spinor equation d.1,, = 0 is be solved by
(e7% /%) £ iy 2(e=4 /26)* = 0, e = L/|L].
and H () satisfies the “H flow equation”
0, H'/? =+2|/].
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9 — Domain-wall solutions of N = 1 supergravity

The metric of a 4-d domain-wall solution can always be written in the form

ds* = Hn,,drtdx” = H())[mpdz™dz™ — d 2], m,n=0,1,2.

If the Z* = Z*(//) the gravitino Killing spinor equation d.1,, = 0 is be solved by
(e7% /%) £ iy 2(e=4 /26)* = 0, e = L/|L].
and H () satisfies the “H flow equation”
0, H'/? =+2|/].

Using the above BPS projector into the chiralino Killing spinor equations dex' =0
we find the “Z" flow equations”

0 7" = +e' HY?.
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9 — Domain-wall solutions of N = 1 supergravity

The metric of a 4-d domain-wall solution can always be written in the form

ds* = Hn,,drtdx” = H())[mpdz™dz™ — d 2], m,n=0,1,2.

If the Z* = Z*(//) the gravitino Killing spinor equation d.1,, = 0 is be solved by
(e7% /%) £ iy 2(e=4 /26)* = 0, e = L/|L].
and H () satisfies the “H flow equation”
0, H'/? =+2|/].

Using the above BPS projector into the chiralino Killing spinor equations dex' =0
we find the “Z" flow equations”

0 7" = +e' HY?.

The first-order flow equations imply the second-order supergravity e.o.m..
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From tensor hierarchies to new susy solutions

10 — Domain-wall sources of N = 1 supergravity
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From tensor hierarchies to new susy solutions

10 — Domain-wall sources of N = 1 supergravity

The sources of domain-wall solutions that couple to the 3-form C' = %C’l must have
the form of worldvolume effective actions with C' in the Wess-Zumino term.
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From tensor hierarchies to new susy solutions

10 — Domain-wall sources of N = 1 supergravity

The sources of domain-wall solutions that couple to the 3-form C' = %C’l must have
the form of worldvolume effective actions with C' in the Wess-Zumino term.

The supersymmetry transformation of C!

5€C;£Vp = 6L €YV o + Dy e YuwoX" + c.C.,

suggest that the kinetic term contains a Z-dependent factor (tension) which is a real
function of ', so it must be
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From tensor hierarchies to new susy solutions

10 — Domain-wall sources of N = 1 supergravity

The sources of domain-wall solutions that couple to the 3-form C' = %C’ 1 must have
the form of worldvolume effective actions with C' in the Wess-Zumino term.

The supersymmetry transformation of C!

5€Cllwp = 6L €YV o + Dy e YuwoX" + c.C.,

suggest that the kinetic term contains a Z-dependent factor (tension) which is a real
function of ', so it must be

Sow == [ @ {171\/l0)| £ ™ Coun }

where |g3| is the determinant of the pullback g3y, of the spacetime metric over the
3-dimensional worldvolume and C),,,, is the pullback of the 3-form C,,,,.
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From tensor hierarchies to new susy solutions

10 — Domain-wall sources of N = 1 supergravity

The sources of domain-wall solutions that couple to the 3-form C' = %C’ 1 must have
the form of worldvolume effective actions with C' in the Wess-Zumino term.

The supersymmetry transformation of C!

5€Cllwp = 6L €YV o + Dy E*fyu,/pxi + c.c.,

suggest that the kinetic term contains a Z-dependent factor (tension) which is a real
function of ', so it must be

Sow == [ @ {171\/l0)| £ ™ Coun }

where |g3| is the determinant of the pullback g3y, of the spacetime metric over the
3-dimensional worldvolume and C),,,, is the pullback of the 3-form C,,,,.

In the static gauge 0.X* /0™ = §*,, it can be seen that this action is invariant to

lowest order in fermions under the supersymmetry transformations of g,,,,, Z°, C’;W , it

the spinors satisfy the BPS domain-wall projection (e~* /2¢) £ i7%12(e=% /2¢)* = 0.

February 10th 2010 IBERIAN STRINGS 2010, Porto Page 21-d



From tensor hierarchies to new susy solutions

11 — Sourceful domain-wall solutions of NV = 1 supergravity
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From tensor hierarchies to new susy solutions

11 — Sourceful domain-wall solutions of NV = 1 supergravity

To couple our candidate to domain-wall source to the bulk N =1 supergravity
action we need to introduce consistently C into it by
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From tensor hierarchies to new susy solutions

11 — Sourceful domain-wall solutions of NV = 1 supergravity

To couple our candidate to domain-wall source to the bulk NV =1 supergravity
action we need to introduce consistently C' into it by

1. Rescaling = — g (g =g') everywhere except at the 3-form
supersymmetry transformation rule.
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From tensor hierarchies to new susy solutions

11 — Sourceful domain-wall solutions of NV = 1 supergravity

To couple our candidate to domain-wall source to the bulk NV =1 supergravity
action we need to introduce consistently C' into it by

1. Rescaling = — g (g =g') everywhere except at the 3-form
supersymmetry transformation rule.

2. Promoting the constant g to a scalar field g(x) and adding to the bulk
supergravity action a Lagrange -multiplier term containing the 3-form to enforce
the constancy of g.
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From tensor hierarchies to new susy solutions

11 — Sourceful domain-wall solutions of NV = 1 supergravity

To couple our candidate to domain-wall source to the bulk NV =1 supergravity
action we need to introduce consistently C' into it by

1. Rescaling = — g (g =g') everywhere except at the 3-form
supersymmetry transformation rule.

2. Promoting the constant g to a scalar field g(x) and adding to the bulk
supergravity action a Lagrange -multiplier term containing the 3-form to enforce
the constancy of g.

Thus, we consider the bulk supergravity action,

1 . .
Sbulk = —5 / d*z+/g| [R +2G;i+0, 70" Z* — g*(x)V(Z,Z*) — ﬁewmaﬂg(:c)cm
R g
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From tensor hierarchies to new susy solutions

11 — Sourceful domain-wall solutions of NV = 1 supergravity

To couple our candidate to domain-wall source to the bulk N =1 supergravity
action we need to introduce consistently C' into it by

1. Rescaling = — g (g =g') everywhere except at the 3-form
supersymmetry transformation rule.

2. Promoting the constant g to a scalar field g(x) and adding to the bulk
supergravity action a Lagrange -multiplier term containing the 3-form to enforce
the constancy of g.

Thus, we consider the bulk supergravity action,

1 . .
Sbulk = —5 / d*z+/g| [R +2G;i+0, 70" Z* — g*(x)V(Z,Z*) — ﬁe“”’”@ug(:v)a,pg
R g

and the source action

S :—/d4xf( ){| | ‘9(3)|i%€mnpcmg}>

where f( ) is a distribution function of the domain walls’ common transverse
direction 23 = : £() =6 (, — ) for a single domain wall placed at =~ = , etc.
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From tensor hierarchies to new susy solutions

The equations of motion that follow from S = Spux + S are

U '\/| 3 mn 1
é'g — ()‘ |\/!/%_) (3)5 #0n

ite . — _rrp VIl i
g ggz 8 ( ) \/m € )

B ()P, 10,7 5P

€77 0 g ()

er?0,Cy,, = 6g(x)V(Z,27),

where ££” and g+ are the Einstein and scalar equations of motion with g(z) # 0.
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From tensor hierarchies to new susy solutions

The equations of motion that follow from S = Spux + S are

U |3 mn 1%
R S (DI

a7 2 Vel
G Egixr = f()\/gﬁe ;

7 D,g(T) = HEE())EmPE M5, 5

e#r?0,Cy,. = 6g(x)V(Z,27),

where ££” and g+ are the Einstein and scalar equations of motion with g(z) # 0.

The third equation is that of the 3-form and is solved if g is a function of = satisfying
0,8 = +1k7F(1).

g( ) will have step-like discontinuities at the locations of the domain walls.
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From tensor hierarchies to new susy solutions

The equations of motion that follow from S = Spux + S are

1% 93)] v
e = 50| |LElgpns,. s,

ite . — _rrp VIl i
g ggz 8 ( ) \/m € )

B ()P, 10,7 5P

€77 0 g ()

e#r?0,Cy,. = 6g(x)V(Z,27),

where ££” and g+ are the Einstein and scalar equations of motion with g(z) # 0.

The third equation is that of the 3-form and is solved if g is a function of = satisfying
0,8 = +1k7F(1).

g( ) will have step-like discontinuities at the locations of the domain walls.
The fourth equation (g(x)’) states that C' is the dual of the scalar potential.
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From tensor hierarchies to new susy solutions

The Einstein and scalar equations of motion with sources are identically satisfied if
H () and the scalars Z*(1/) satisfy the sourceful flow equations

8,Z" = =zg(n)e \ HY?,

0,H-1?2 = H2g(y)|L],
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From tensor hierarchies to new susy solutions

The Einstein and scalar equations of motion with sources are identically satisfied if
H () and the scalars Z*(1/) satisfy the sourceful flow equations

8,Z" = =zg(n)e \ HY?,
0,H-Y? = Z2g())|],
which can be derived from the modified fermion supersymmetry transformations
Seby = Dye+ig(a) yue,

de X" i PZ'¢* + g(x)N'e.
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From tensor hierarchies to new susy solutions

The Einstein and scalar equations of motion with sources are identically satisfied if
H () and the scalars Z*() satisfy the sourceful flow equations

8,Z" = =zg(n)e \ HY?,
8, H? = +2g(1)|/],

which can be derived from the modified fermion supersymmetry transformations

Scby = Dyc+ig() yuc”,
deX! = 1 P2 +g(x)\N'e.
A fully supersymmetric “democratic” formulation of N =1 d = 4

supergravity including all higher-rank forms and local coupling constants
9. Mx), gl(x), g?(x) is necessary to accomodate these modifications.
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From tensor hierarchies to new susy solutions

The Einstein and scalar equations of motion with sources are identically satisfied if
H () and the scalars Z*() satisfy the sourceful flow equations

8,Z" = =zg(n)e \ HY?,
8, H? = +2g(1)|/],

which can be derived from the modified fermion supersymmetry transformations

Scby = Dyc+ig() yuc”,
deX! = 1 P2 +g(x)\N'e.
A fully supersymmetric “democratic” formulation of N =1 d = 4

supergravity including all higher-rank forms and local coupling constants
9. Mx), gl(x), g?(x) is necessary to accomodate these modifications.

Observe that the space-dependent coupling constant g(z), sourced by
domain walls , may modify the effective scalar potential dramatically.
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From tensor hierarchies to new susy solutions

12 — A simple example

Let us consider the model (1 chiral multiplet) defined by

= |22, =1, (£ =e?1/2 ) N7 =277l 212

These choices lead to the Mexican-hat-type potential V = —8(3 — p2)6p2/ (p=|2))

50

40
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From tensor hierarchies to new susy solutions

The sourceful flow equations take the form (Arg Z = const)
0,p = L2g(y)per /2H?,

0,H-1/? = =Lag(y)er/?.
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From tensor hierarchies to new susy solutions

The sourceful flow equations take the form (Arg Z = const)
0,p = L2g(y)per /2H?,

0,H-1/? = =Lag(y)er/?.

I Solutions with g = 0: p and HH are constant and the spacetime is Minkowski .
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From tensor hierarchies to new susy solutions

The sourceful flow equations take the form (Arg Z = const)
0,p = L2g(y)per /2H?,

0,H-1/? = =Lag(y)er/?.

I Solutions with g = 0: p and HH are constant and the spacetime is Minkowski .

II-a Solutions with g(y) # 0 and 9,7 = 0:

1
g22"

= gp =0, = p =0 and the metric is that of AdS,: H =
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From tensor hierarchies to new susy solutions

The sourceful flow equations take the form (Arg Z = const)
0,p = L2g(y)per /2H?,

0,H-1/? = =Lag(y)er/?.

I Solutions with g = 0: p and HH are constant and the spacetime is Minkowski .

II-a Solutions with g(y) # 0 and 9,7 = 0:

1
g2,2°
p = 1 can only be a solution if g = 0, in which case we have a Minkowski spacetime.
An AdS, solution with g # 0 exists, but it is not supersymmetric .

= gp =0, = p =0 and the metric is that of AdS,: H =
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From tensor hierarchies to new susy solutions

The sourceful flow equations take the form (Arg Z = const)
0,p = L2g(y)per /2H?,

0,H-1/? = =Lag(y)er/?.

I Solutions with g = 0: p and HH are constant and the spacetime is Minkowski .

II-a Solutions with g(y) # 0 and 9,7 = 0:

1
g2,2°
p = 1 can only be a solution if g = 0, in which case we have a Minkowski spacetime.
An AdS, solution with g # 0 exists, but it is not supersymmetric .

= gp =0, = p =0 and the metric is that of AdS,: H =

II-b Solutions with g # 0 and 0,7 # 0:

H = c¢/p*,
p o= VEaf GO GO =4/% [e0)d+d
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From tensor hierarchies to new susy solutions

x
— ° ° . . - 2
erf ! is the inverse of the normalized error function erf(z) = %T / e~ " du
0
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From tensor hierarchies to new susy solutions

x
— ° ° . . - 2
erf ! is the inverse of the normalized error function erf(z) = %T / e~ " du
0

G(y) € [0,1), which, for constant g requires that we cut the spacetime at finite

values of 1. To have more general g(y) or to make consistent cuts we have to add
sources.
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From tensor hierarchies to new susy solutions

x
— ° ° . . - 2
erf ! is the inverse of the normalized error function erf(z) = %T / e~ " du
0

G(y) € [0,1), which, for constant g requires that we cut the spacetime at finite

values of 1. To have more general g(y) or to make consistent cuts we have to add
sources.

The simplest possibility is a single, infinitely thin domain-wall source of tension
q > 0 placed at 1 = y:

) = ad—r), 80) = 400~ 10) 00— )], G(y) = =1y 1ol +d.

G(1y) is always unbounded we have to cut the space by hand.

February 10th 2010 IBERIAN STRINGS 2010, Porto Page 27-b



From tensor hierarchies to new susy solutions

A possible solution: we introduce two parallel domain walls with opposite tension (a
Randall-Sundrum-like construction) and charge at a different point (y = —1, with
o > 0 for simplicity) so

5(2_ 0)—615( + 0)7
29160y — vo) — 0(yo — y) — 8y + ya) + 8(=yo — W),

(e} =+
~—~
N——" N——"
I I
H <

1
c
G(y) = \/32—7#{/2(](‘ — Yol — |y + ypol) +4d.
g(y) G
Y% Yo _‘36 ‘yo
y— y -

Choosing d = @/—86 k2q1o we can set G(+00) = G(+15) = 0 and p(y) = p(+y) =0
m
for y > y,.
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From tensor hierarchies to new susy solutions

In the interior of the g(1/) # 0 region p approaches zero as p ~ 1/ck?q(yo — y) so the

4
metric approaches AdSy

4
K=q

The value G(—1g) = \/5=Kk*quy = G(—00), can be tuned by varying distance
between the domain-wall sources (7,). It has to be smaller or equal than 1.

If G(—1y) < 1 then p(—1v,) is finite and p approaches iy = —1, from the interior of

the g(1) # 0 region as
] K2q
P 2 erf/[p(—oo)/\/i]( *Yo),

so the metric approaches another AdS, region.

This solution we have obtained smoothly interpolates between two AdS, regions one
of which (the p = 0 one) corresponds to a supersymmetric vacuum of the theory.
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From tensor hierarchies to new susy solutions

The two infinitely-thin domain-wall system can be understood as an approximation
to a configuration with domain-wall sources of finite thickness such as this:

f)=ae . g0)=Fole . GO)= -0 ex() 4 a.

in which g(y) only vanishes asymptotically.

The profiles of some of the functions ocurring in this solution: the black line: the
source, (1), red line: the coupling constant g(v/), brown line G(7), blue line: the

scalar p(1/), green line: the effective potential as seen by the solution, i.e. g2(v)V.
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From tensor hierarchies to new susy solutions

13 — Conclusions
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From tensor hierarchies to new susy solutions

13 — Conclusions

We have reviewed the construction of the complete, generic (bosonic),
4-dimensional tensor hierarchy and the democratic action for all its fields,
interpreting all of them and their relations.
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From tensor hierarchies to new susy solutions

13 — Conclusions

We have reviewed the construction of the complete, generic (bosonic),

4-dimensional tensor hierarchy and the democratic action for all its fields,
interpreting all of them and their relations.

We have studied the tensor hierarchy of N =1 d = 4 supergravity and we have
found an extra constraint for the embedding tensor that leads to an extension.
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From tensor hierarchies to new susy solutions

13 — Conclusions

We have reviewed the construction of the complete, generic (bosonic),

4-dimensional tensor hierarchy and the democratic action for all its fields,
interpreting all of them and their relations.

We have studied the tensor hierarchy of N =1 d = 4 supergravity and we have
found an extra constraint for the embedding tensor that leads to an extension.

We have interpreted the new fields C!, C? as associated to two new deformation

parameters g! and g2 and D' as assciated to a new constraint, as expected on
general grounds.

February 10th 2010 IBERIAN STRINGS 2010, Porto Page 31-c



From tensor hierarchies to new susy solutions

13 — Conclusions

We have reviewed the construction of the complete, generic (bosonic),

4-dimensional tensor hierarchy and the democratic action for all its fields,
interpreting all of them and their relations.

We have studied the tensor hierarchy of N =1 d = 4 supergravity and we have
found an extra constraint for the embedding tensor that leads to an extension.

We have interpreted the new fields C!, C? as associated to two new deformation

parameters g! and g2 and D' as assciated to a new constraint, as expected on
general grounds.

We have constructed the effective actions for the domain walls associated to C*
and we have used them as sources for the bulk supergravity action. We have
shown how the supersymmetry rules may be modified in a fully democratic
formulation of N =1 supergravity .
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From tensor hierarchies to new susy solutions

13 — Conclusions

We have reviewed the construction of the complete, generic (bosonic),
4-dimensional tensor hierarchy and the democratic action for all its fields,
interpreting all of them and their relations.

We have studied the tensor hierarchy of N =1 d = 4 supergravity and we have
found an extra constraint for the embedding tensor that leads to an extension.

We have interpreted the new fields C!, C? as associated to two new deformation

parameters g! and g2 and D' as assciated to a new constraint, as expected on
general grounds.

We have constructed the effective actions for the domain walls associated to C*
and we have used them as sources for the bulk supergravity action. We have
shown how the supersymmetry rules may be modified in a fully democratic
formulation of N =1 supergravity .

We have seen that in some cases domain-wall sources have to be introduced to
construct sensible domain-wall solutions. These sources introduce a
spacetime-dependent coupling constant g(x) that can have dramatic effects on
the form of the solutions.
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From tensor hierarchies to new susy solutions

The scalars Z*

6. 7"

I
ANy
=

™M
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From tensor hierarchies to new susy solutions

The scalars Z*

6. 2" = i)‘(ie.
At leading order in fermions 6,6.Z" = %(8,x*)e, where now
5,XE =i RZn* + 209 Dy Ly, DZP=dZ' + A9, k4"
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From tensor hierarchies to new susy solutions

The scalars Z*

6. 2" = i)‘(ie.

At leading order in fermions 6,6.Z" = %(8,x*)e, where now
5,XE =i RZn* + 209 Dy Ly, D7 =dZ'+ A9, kA",
We find the expected result
0, 62" = 6g.ct.Z* + 002,
Ogct.Z' = £cZ°=+4E10,7",
0nZ' = AMYAkA",

&= gyt —ite),

A = VA,
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From tensor hierarchies to new susy solutions

The 1-forms A

We introduce supersymmetric partners Ay, for the magnetic 1-forms Ay, and make
the -covariant Ansatz

0cAY, = —%E*fyu)\ + c.c.,
SAM = L[EM+ DM,
where we have defined the vector
A A A AY A QA
E( )E( Z), = —Smf* (I + faq? ") Pa.
A fax
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From tensor hierarchies to new susy solutions

The 1-forms A

We introduce supersymmetric partners Ay, for the magnetic 1-forms Ay, and make
the -covariant Ansatz

0cAY, = —%E*fyu)\ + c.c.,
SAM = L[EM+ DM,
where we have defined the vector
A A A AY A QA
E( )E( Z), = —Smf** (I + faq? ") Pa.
A fas
The magnetic fields are related to the electric ones by the relations
Fpt = fanF>Y, A = fasA”,
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From tensor hierarchies to new susy solutions

The 1-forms A

We introduce supersymmetric partners Ay, for the magnetic 1-forms Ay, and make
the -covariant Ansatz

0cAY, = —%E*fyu)\ + c.c.,
SAM = L[EM+ DM,
where we have defined the vector
A A A AY A QA
E( )E( Z), = —Smf** (I + faq? ") Pa.
A fas
The magnetic fields are related to the electric ones by the relations
Fpt = fanF>Y, A = fasA”,

but we do not need them to show that
[577 9 56] A — 5g.c.t.A + 5hA 9

where
AAE—TA A'A —|—bA_ Ag, bAMEBAW/fV.
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From tensor hierarchies to new susy solutions

The 2-forms B4

We introduce the supersymmetric partners of the 2-forms B4, (4,94 (linear
supermultiplets )

0.(a = —1 [% H1/4+ @SOA} €* — 40242 pa L€,
0.B A py = i [€7WCA + C.C.] — (] [@Ag*v[uwy] — C.C.} + 214 A [M(SGA V] 1
0cpa = —%QTAE—I—C.C.,

where now

HAEHA—YAC,

and A = a are the symmetries that do act on scalars.
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From tensor hierarchies to new susy solutions

The 2-forms B4

We introduce the supersymmetric partners of the 2-forms B4, (4,94 (linear
supermultiplets )

0.(a = —1 [% H1/4+ @SOA} €* — 40242 pa L€,
0. B A wy = i [€7uVCA + C.C.] — 1 [@Ag*v[ﬂwy] — C.C.} + 274 A [M(SEA V] 1
0cpa = —%QTAE—I—C.C.,

where now

HAEHA—YAC,

and A = a are the symmetries that do act on scalars. The duality relations that
relate these fields to the physical ones are

Ca=0iPax’, HAZ—%*]'A, QOAZ—% A
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From tensor hierarchies to new susy solutions

The 2-forms B4

We introduce the supersymmetric partners of the 2-forms B4, (4,94 (linear
supermultiplets )

0.(a = —1 [% H1/4+ @SOA} €* — 40242 pa L€,
0. B A wy = i [€7uVCA + C.C.] — 1 [@Ag*v[ﬂwy] — C.C.} + 274 A [M(SEA V] 1
0cpa = —%QTAE—I—C.C.,

where now

HAEHA—YAC,

and A = a are the symmetries that do act on scalars. The duality relations that
relate these fields to the physical ones are

Ca=8Pax’, HAZ—%*]'A, SOA:_% A -
but, again, we do not need them to show that
[577 9 56] BA — 5g.c.t.BA + 5;1314 ’

which proves the existence of an extra Stiickelberg shift in B 4.
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From tensor hierarchies to new susy solutions

The 3-forms C'4

In this case we won’t introduce supersymmetric partners. We make the Ansatz

0.C 4 uvp = —% [ AE*’}/'LWP)\ = C.C.] — 3B 4 [MV|5€A p] — 2T 4 A [MA V|5€A o] -
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From tensor hierarchies to new susy solutions

The 3-forms C'4

In this case we won’t introduce supersymmetric partners. We make the Ansatz
0.C 4 uvp = —% [ AE*’}/'LWP)\ = C.C.] — 3B 4 [MV|5€A p] — 2T 4 A [MA V|5€A o] -
The local supersymmetry algebra closes only upon use of the relation

G;l :—%*%e( A )
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From tensor hierarchies to new susy solutions

The 3-forms C'4

In this case we won’t introduce supersymmetric partners. We make the Ansatz

0.C 4 uvp = —% [ AE*’}/'LWP)\ = C.C.] — 3B 4 ['LW|5€A p] — 2T 4 A [MA V|5€A o] -

The local supersymmetry algebra closes only upon use of the relation
G;l = —% * 3%6( A ) .
According to the general results the relation must be of the general form
oV
/ _ 1
GA — 5 * 819 1
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From tensor hierarchies to new susy solutions

The 3-forms C'4

In this case we won’t introduce supersymmetric partners. We make the Ansatz

0.CA pwp = _é [ A€ YuupA — C°C'] = 3Bau|0cA o) =2Tar0A [pA L)0eA7 .

The local supersymmetry algebra closes only upon use of the relation
G;l = —% * 3%6( A ) .
According to the general results the relation must be of the general form

oV
o4

This corresponds to th manifestly -invariant scalar potential

Vve—mg:Vu_%gRe v A A:Vu+% v Aﬁ b A" B,

/ 1
GA —5*

where

4> I*?Roy; fas

Ras +tlpy,

—
~—
]

o

Rpq It Ipns + RaolI*! Rry; I oy 6y .
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