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(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
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1 — Introduction/motivation

Three reasons to do what we do:

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.

We are going to use the embedding tensor method to find all the (p + 1)-form
potentials and the corresponding democratic formulations of 4-dimensional
supergravities (or any other 4-dimensional field theory with gauge symmetry).
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4-D Tensor Hierarchies

The next steps in this program will be:

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.
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higher-rank form potentials defining a structure called tensor hierarchy de Wit &
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4-D Tensor Hierarchies

2 — The embedding tensor method: electric gaugings

Consider a general (N =1 supergravity -inspired) 4-dimensional ungauged theory
with bosonic fields {Z*¢, A*} (the metric plays no relevant role here)

S.[Z¢, AN = / (—2G;+dZ N dZ* 9™ —23m fas FA N FE4+2Re fas FANFE —xVy (Z, Z7)} .

with F* = dA”, the fundamental (electric ) field strengths and fax(Z2).
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2 — The embedding tensor method: electric gaugings

Consider a general (N =1 supergravity -inspired) 4-dimensional ungauged theory
with bosonic fields {Z*¢, A*} (the metric plays no relevant role here)

S.[Z¢, AN = / (—2G;+dZ N dZ* 9™ —23m fas FA N FE4+2Re fas FANFE —xVy (Z, Z7)} .

with F* = dA”, the fundamental (electric ) field strengths and fax(Z2).
The action is invariant under the local Abelian transformations

SAA” = dA>.
Let us assume this action is invariant under the global transformations
6aZt = a’ka (2),
5OéfAZ

5o AN

—a? Lafax = a?[Tans — 2T4 A" foyal ,

OéATA EAAZ .
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Gauging the global symmetries of a theory with constant parameters a* means

modifying the theory so it is also invariant when the o are arbitrary functions
A
a(x).

February 3rd 2009 5th Spanish (1st Iberian) Meeting Page 4



4-D Tensor Hierarchies

Gauging the global symmetries of a theory with constant parameters a* means

modifying the theory so it is also invariant when the o are arbitrary functions
A
a(x).

Gauging requires the identification of each a*(x) with a A* and the use of the
corresponding 1-form A> as gauge field A“ of that symmetry.

February 3rd 2009 5th Spanish (1st Iberian) Meeting Page 4-a



4-D Tensor Hierarchies

Gauging the global symmetries of a theory with constant parameters a* means

modifying the theory so it is also invariant when the o are arbitrary functions
A
a(x).

Gauging requires the identification of each a*(x) with a A* and the use of the
corresponding 1-form A> as gauge field A“ of that symmetry.

Each embedding tensor Y54 defines a possible identification:
o (z) = AT9n?, At = AZ9s4

Leaving 1, “ undetermined we can study all possibilities simultaneously.
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4-D Tensor Hierarchies

Gauging the global symmetries of a theory with constant parameters a* means

modifying the theory so it is also invariant when the o are arbitrary functions
A
a(x).

Gauging requires the identification of each a*(x) with a A* and the use of the
corresponding 1-form A> as gauge field A“ of that symmetry.

Each embedding tensor Y54 defines a possible identification:
o (z) = AT9n?, At = AZ9s4

Leaving 1, “ undetermined we can study all possibilities simultaneously.

Now we construct derivatives 3
DZ' =dZ" + ANInka’,
covariant under
oaZt = AZ9sk,4(Z),

5/\142 — —@AE = —(dAE + Q9AATA QEAAAQ) )
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4-D Tensor Hierarchies
This only works if v AA 1s an invariant tensor
A Q A A_ g B Qq A Bgq C A
IAUs” = =N "Qax” =0, Qsr” =0T A 09" — U7 Ip" fBC™ .

Qax? = 0 is known as the quadratic constraint in the embedding tensor formalism.
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Qax? = 0 is known as the quadratic constraint in the embedding tensor formalism.
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which satisfy the algebra
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4-D Tensor Hierarchies
This only works if v AA 1s an invariant tensor
A Q A A _ q B Qq A Bq C A
IAUs” = =N "Qax” =0, Qer” =V TeA 0" —In7UA" fBc™ .

Qax? = 0 is known as the quadratic constraint in the embedding tensor formalism.
It is customary to define the generators

Xsa't =957 Tp A",
which satisfy the algebra
T, Tp) = —fas®, = [X5, XAl =—-Xm"Xq,
Then we construct the covariant 2-form field strengths
F» =dA" + 1 X 50" 4> N A,

and the gauge -invariant action of the electrically gauged theory takes the form

Seg|Zt, AN = / (=2Gi+DZ NDZ* T —23m fas FAMFE42Re fas FANFE —+Vio (Z, Z27))
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3 — The embedding tensor method: general gaugings

In 4-dimensions
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3 — The embedding tensor method: general gaugings

In 4-dimensions

[0 One can define magnetic ( ) 1-forms Ap which one may use as gauge fields:
if the Maxwell equations are

dGAr =0, where GprT = fanF>T,
then we can replace it by the relation
Gpa = Fr, where Fj\=dAx.
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3 — The embedding tensor method: general gaugings

In 4-dimensions

[0 One can define magnetic ( ) 1-forms Ap which one may use as gauge fields:
if the Maxwell equations are

dGAr =0, where GprT = fanF>T,
then we can replace it by the relation
Gpa = Fr, where Fj\=dAx.

[0 The theory (equations of motion) has more non-perturbative global symmetries

that can be gauged . They include electric -magnetic rotations:
6aZ' = o ka'(2),
Safar = a™{=Taas +2Ta " foya — Ta™" farfrs},
AA ) TAZA TAZA AE
Oa An = « As. :
Tasn Ta™a
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4-D Tensor Hierarchies

By general gaugings we mean gaugings of the perturbative and non-perturbative sym-
metries using electric and magnetic 1-forms as gauge fields.
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By general gaugings we mean gaugings of the perturbative and non-perturbative sym-
metries using electric and magnetic 1-forms as gauge fields.

Now we need to relate the a** to the gauge parameters of the 1-forms A or Ay We
need new (magnetic ) components for the embedding tensor : ¥*“. Then

ot (z) = AZ9s? + As9P 4, A% = AT + As9E 4,
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By general gaugings we mean gaugings of the perturbative and non-perturbative sym-
metries using electric and magnetic 1-forms as gauge fields.

Now we need to relate the a** to the gauge parameters of the 1-forms A or Ay We
need new (magnetic ) components for the embedding tensor : ¥*“. Then

ot (z) = AZ9s? + As9P 4, A% = AT + As9E 4,
Knowing (Gaillard & Zumino) that the T4 matrices either belong to sp(2ny,R) or
vanish, we introduce the notation
A=A I = (92,974 Az) = A9y 2
—\ As - ( 5 ) a’(z) = ;

TAEA TAEA >

(TAMN) p— <
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By general gaugings we mean gaugings of the perturbative and non-perturbative sym-
metries using electric and magnetic 1-forms as gauge fields.

Now we need to relate the a** to the gauge parameters of the 1-forms A or Ay We
need new (magnetic ) components for the embedding tensor : ¥*“. Then

ot (z) = AZ9s? + As9P 4, A% = AT + As9E 4,

Knowing (Gaillard & Zumino) that the T4 matrices either belong to sp(2ny,R) or
vanish, we introduce the notation

5
A E(iz) v Az(ﬂgA,ﬁzA) ot (z) = A9,

TAEA TAEA
(TA MN) p— .
Tasn Ta™a
We cannot gauge simultaneously a 1-form and its

de Wit, Samtleben & Trigiante,
arXiv:hep-th/0507289:
QABEiﬁ 49,8 =0.
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4-D Tensor Hierarchies

Now we can repeat the procedure of the electric case:
First we construct derivatives ®

DZ' =dZ' + AV 9 kA’
covariant under

a2t = A9, 2kAN2),

AAY = DAY = —(dAY + X AVATY, X = INAT4 pM,

A

which only works if v is an invariant tensor

oA = AV Qun? =0, Qun® =9y Ten"dp" — I "IN fBC™.
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4-D Tensor Hierarchies

Now we can repeat the procedure of the electric case:
First we construct derivatives ®

D7 =dZ  + AV 9, kAL,
covariant under

a2t = A9, 2kAN2),

AAY = DAY = —(dAY + X AVATY, X = INAT4 pM,

A

which only works if v is an invariant tensor

oA = AV Qun? =0, Qun® =9y Ten"dp" — I "IN fBC™.

Before moving forward, we must impose another constraint on the embedding tensor
on top of the two quadratic ones Qv = Q4P = 0:

_ A

This linear or representation constraint is based on supergravity and eliminates
certain possible representations of the embedding tensor . On the other hand, we

cannot construct gauge -covariant 2-form field strengths ' without it!
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4-D Tensor Hierarchies

4 — The 4-d tensor hierarchy

To construct the gauge -covariant 2-form field strengths I we take the covariant
derivative of the gauge -covariant “field strength” DZ":

DDZ'=[dA" +3X. A NA9. kA",

which suggests the definition
F =dA +1iXx A ANA +AF 9 AAF =0,

so we have the Bianchi identity

DDZ' = F'"' 9,4k 4t .
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To construct the gauge -covariant 2-form field strengths I we take the covariant
derivative of the gauge -covariant “field strength” DZ":

DDZ'=[dA" +3X. A NA9. kA",
which suggests the definition
F =dA +1iXx A ANA +AF 9 AAF =0,

so we have the Bianchi identity

DDZ' = F'"' 9,4k 4t .

Using the constraint Q4”7 = iﬁ 49 B =0 the natural solution is

AF' =-19 '4By=7Z “Ba4.
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4 — The 4-d tensor hierarchy

To construct the gauge -covariant 2-form field strengths I we take the covariant
derivative of the gauge -covariant “field strength” DZ":

DDZ'=[dA" +3X. A NA9. kA",
which suggests the definition
F =dA +1iXx A ANA +AF 9 AAF =0,

so we have the Bianchi identity

DDZ' = F'"' 9,4k 4t .

Using the constraint Q4”7 = iﬁ 49 B =0 the natural solution is

AF' =-19 '4By=7Z “Ba4.

0pB 4 is determined by the gauge -covariance of F©' plus 0By ~ dA 4.
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4-D Tensor Hierarchies

4 — The 4-d tensor hierarchy

To construct the gauge -covariant 2-form field strengths I we take the covariant
derivative of the gauge -covariant “field strength” DZ":

DDZ'=[dA" +3X. A NA9. kA",
which suggests the definition
F =dA +1iXx A ANA +AF 9 AAF =0,

so we have the Bianchi identity

DDZ' = F'"' 9,4k 4t .

Using the constraint Q4”7 = iﬁ 49 B =0 the natural solution is

AF' =-19 '4By=7Z “Ba4.

0pB 4 is determined by the gauge -covariance of F©' plus 0By ~ dA 4.

But we do not need it to move forward.
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4-D Tensor Hierarchies

If we take the covariant derivative of the gauge -covariant 2-form field strength F
we find

DF =7 YDBs+Ta A ANdA +1X . A NAT}.
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4-D Tensor Hierarchies

If we take the covariant derivative of the gauge -covariant 2-form field strength F
we find

DF =7 MNODBs+Ta A ANdA +1X. . A ANAT}.

The gauge -covariance of the l.h.s. suggests the definition
Hy=DBs+Ts A ANdA +1X A AA |+AHs, where Z “AH,=0.

so we have the Bianchi identity

DF" =7"AH, .
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If we take the covariant derivative of the gauge -covariant 2-form field strength F
we find

DF =7 MNODBs+Ta A ANdA +1X. . A ANAT}.

The gauge -covariance of the l.h.s. suggests the definition
Hy=DBs+Ts A ANdA +1X A AA |+AHs, where Z “AH,=0.

so we have the Bianchi identity

DF" =7"AH, .

Using the constraint
Qi A=09,Ts " 9,2 =9.%fec) =22,V 4. =0
the natural solution for 7 AAH, =27 “4ABs =0 is
AHA=Y4.,“Cc

0pCc  is fully determined by the gauge -covariance of H 4.
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4-D Tensor Hierarchies

If we take the covariant derivative of the gauge -covariant 3-form field strength H 4
we find

DHA—Tsq  F'ANF =Y 4, 9{9Cc"' +F ABg+--}.
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4-D Tensor Hierarchies

If we take the covariant derivative of the gauge -covariant 3-form field strength H 4
we find

DHA—Tsq  F'ANF =Y 4, 9{9Cc"' +F ABg+--}.

The gauge -covariance of the l.h.s. suggests the definition

Go =9Co 4+ F ANBeo+---4+AGo where Y 4 CAGC =0.

so we have the Bianchi identity

DHAs =T v FY"ANFY +Y 4.,°Ge
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4-D Tensor Hierarchies

If we take the covariant derivative of the gauge -covariant 3-form field strength H 4
we find

DHA—Tsq  F'ANF =Y 4, 9{9Cc"' +F ABg+--}.

The gauge -covariance of the l.h.s. suggests the definition

Go =9Co 4+ F ANBo+---4+AGe where Y 4 CAGC =0.

so we have the Bianchi identity

DHAs =T v FY"ANFY +Y 4.,°Ge

To determine AG~  we need to find invariant tensors that vanish upon contraction
with Y 4 ¢. They appear automatically when we take the gauge -covariant
derivative of the Bianchi identity and G~ = (if we “forget” we are in 4 dimensions!).
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4-D Tensor Hierarchies

Acting with ® on the Bianchi identity of H 4 we find

Y 4 O{@G(j —F ANHal=0, = DG =F ANHs+ADGe

where
YA, YADGe =0.
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4-D Tensor Hierarchies

Acting with ® on the Bianchi identity of H 4 we find

Y 4 O{@G(j —F ANHal=0, = DG =F ANHs+ADGe

where
YA, YADGe =0.

Acting with ® on the above identity we find
DADGe =W “PHANHp+We F' ANF AF'+We. "' F AGpg
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4-D Tensor Hierarchies

Acting with ® on the Bianchi identity of H 4 we find

Y 4 O{@G(j —F ANHal=0, = DG =F ANHs+ADGe

where
YA, YADGe =0.

Acting with ® on the above identity we find
DADGe =W “PHANHp+We F' ANF AF'+We. "' F AGpg

This implies that there are 3 such tensors W 42, We Weon B that
vanish contracted with Y 4 ¢ and which we can use to build AGq~
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4-D Tensor Hierarchies

Acting with ® on the Bianchi identity of H 4 we find

Y 4 O{@G(j —F ANHal=0, = DG =F ANHs+ADGe

where
YA, YADGe =0.

Acting with ® on the above identity we find
DADGe =W “PHANHp+We F' ANF AF'+We. "' F AGpg

This implies that there are 3 such tensors W 42, We Weon B that
vanish contracted with Y 4 ¢ and which we can use to build AGq~

The natural solution is

AGe'' =Weg '*BDsp +We D'+ We.  F'Dg

and oaDap, oD ,0ADE will follow from the gauge -covariance of G
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4-D Tensor Hierarchies

What have we got so far just by asking for covariance under gauge transformations?
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4-D Tensor Hierarchies

What have we got so far just by asking for covariance under gauge transformations?

[0 A tower of (p+ 1)-forms A", BA,Cc"',Dap, D , D" related by gauge
transformations.
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4-D Tensor Hierarchies

What have we got so far just by asking for covariance under gauge transformations?
[0 A tower of (p+ 1)-forms A", BA,Cc"',Dap, D , D" related by gauge

transformations.
SAA = —DAM _zMAL
SABg = DAy 42Ty AV EY LAV A Al v 40,9000,
SACC = DA —FY AN —8pAAY ABe — 2To v p A AAN Asp AT y AV HG - WM ABA 4
—We A —WaonpPMAg :
saDap = DAap+2TaunAipg) MY +y 4 pF (g " — B AAET) + DA[4 ABp) — 2A4 A Hp
+2Tpq |y p[AYVFY — AN NS AT A B gy,
SADE = ®DAp +RAgWVP) L L2V BApp? — PN Aag? +opl AspaN + ETpopAY AAT A AQ AspAR
+A G,
SAD = DA —3zWIAR LD — 24V A dal Aspa®) — 3x (VAP A AT A A% Aspal@) —3a(VF

(Yes, we actually computed them.)
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4-D Tensor Hierarchies

What have we got so far just by asking for covariance under gauge transformations?
[0 A tower of (p+ 1)-forms A", BA,Cc"',Dap, D , D" related by gauge

transformations.
SAA = —DAM _zMAL
SABg = DAy 42Ty AV EY LAV A Al v 40,9000,
SACC = DA —FY AN —8pAAY ABe — 2To v p A AAN Asp AT y AV HG - WM ABA 4
—We A —WaonpPMAg :
saDap = DAap+2TaunAipg) MY +y 4 pF (g " — B AAET) + DA[4 ABp) — 2A4 A Hp
+2Tpq |y p[AYVFY — AN NS AT A B gy,
SADE = ®DAp +RAgWVP) L L2V BApp? — PN Aag? +opl AspaN + ETpopAY AAT A AQ AspAR
+A G,
SAD = DA —3zWIAR LD — 24V A dal Aspa®) — 3x (VAP A AT A A% Aspal@) —3a(VF

(Yes, we actually computed them.)

[0 The covariant (p + 2)-form field strengths F'"', Ha, G, related by Bianchi
identities.
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4-D Tensor Hierarchies

What have we got so far just by asking for covariance under gauge transformations?
[0 A tower of (p+ 1)-forms A", BA,Cc"',Dap, D , D" related by gauge

transformations.
SAA = —DAM _zMAL
SABg = DAy 42Ty AV EY LAV A Al v 40,9000,
SACC = DA —FY AN —8pAAY ABe — 2To v p A AAN Asp AT y AV HG - WM ABA 4
—We A —WaonpPMAg
saDap = DAap+2TaunAipg) MY +y 4 pF (g " — B AAET) + DA[4 ABp) — 2A4 A Hp
+2Tpq |y p[AYVFY — AN NS AT A B gy,
SADE = ®DAp +RAgWVP) L L2V BApp? — PN Aag? +opl AspaN + ETpopAY AAT A AQ AspAR
+AN g5
SAD = DA —3zWIAR LD — 24V A dal Aspa®) — 3x (VAP A AT A A% Aspal@) —3a(VF

(Yes, we actually computed them.)

[0 The covariant (p + 2)-form field strengths F'"', Ha, G, related by Bianchi
identities.

This sytem is known as the (4-dimensional) tensor hierarchy.
It is universal: it exists for all 4-dimensional theories with gauge symmetry.
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4-D Tensor Hierarchies

What have we got so far just by asking for covariance under gauge transformations?
[0 A tower of (p+ 1)-forms A", BA,Cc"',Dap, D , D" related by gauge

transformations.
SAA = —DAM _zMAL
SABga = DAg+2T4y AV EY LAV A Al v 40,9000,
SACC = DA —FY AN —8pAAY ABe — 2To v p A AAN Asp AT y AV HG - WM ABA 4
—We A —WaonpPMAg
saDap = DAap+2TaunAipg) MY +y 4 pF (g " — B AAET) + DA[4 ABp) — 2A4 A Hp
+2Tpq |y p[AYVFY — AN NS AT A B gy,
SADE = ®DAp +RAgWVP) L L2V BApp? — PN Aag? +opl AspaN + ETpopAY AAT A AQ AspAR
+A G,
SAD = DA —3zWIAR LD — 24V A dal Aspa®) — 3x (VAP A AT A A% Aspal@) —3a(VF

(Yes, we actually computed them.)

[0 The covariant (p + 2)-form field strengths F'"', Ha, G, related by Bianchi
identities.

This sytem is known as the (4-dimensional) tensor hierarchy.
It is universal: it exists for all 4-dimensional theories with gauge symmetry.

But, what does it mean?
What is the meaning of the additional fields?

February 3rd 2009 5th Spanish (1st Iberian) Meeting Page 13-¢



4-D Tensor Hierarchies

5 — The meaning of the d = 4 tensor hierarchy

These are the fields that we need to make a general gauging of any theory.
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4-D Tensor Hierarchies

5 — The meaning of the d = 4 tensor hierarchy

These are the fields that we need to make a general gauging of any theory. However,
gauging must not introduce new continuous degrees of freedom in a theory: they
must be related by relations to the fundamental ones.
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4-D Tensor Hierarchies

5 — The meaning of the d = 4 tensor hierarchy

These are the fields that we need to make a general gauging of any theory. However,
gauging must not introduce new continuous degrees of freedom in a theory: they
must be related by relations to the fundamental ones. These relations
together with the 1st order Bianchi identities must give the 2nd order equations of
motion.
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4-D Tensor Hierarchies

5 — The meaning of the d = 4 tensor hierarchy

These are the fields that we need to make a general gauging of any theory. However,
gauging must not introduce new continuous degrees of freedom in a theory: they
must be related by relations to the fundamental ones. These relations
together with the 1st order Bianchi identities must give the 2nd order equations of
motion.

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

FA:GA.
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4-D Tensor Hierarchies

5 — The meaning of the d = 4 tensor hierarchy

These are the fields that we need to make a general gauging of any theory. However,
gauging must not introduce new continuous degrees of freedom in a theory: they
must be related by relations to the fundamental ones. These relations
together with the 1st order Bianchi identities must give the 2nd order equations of
motion.

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

relation
Fan =Gy .
[1 The 2-forms B4 must be related to the Noether 1-form currents associated to
the global symmetries j4 via the relation
1 o
HA = — B *x 74 .
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4-D Tensor Hierarchies

5 — The meaning of the d = 4 tensor hierarchy

These are the fields that we need to make a general gauging of any theory. However,
gauging must not introduce new continuous degrees of freedom in a theory: they

must be related by

relations to the fundamental ones. These relations

together with the 1st order Bianchi identities must give the 2nd order equations of

motion.
0 The magnetic 1-forms A, must be related to the electric ones A" via the
relation
Fan =Gy .
[1 The 2-forms B4 must be related to the Noether 1-form currents associated to
the global symmetries j4 via the relation
1 0
HA — —5 *x 74 .
[1 These two relations together with the Bianchi identity ®F =27 “Hy4
give a set of electric -magnetic -covariant Maxwell equations:
DFY = —2090" xja , DG = 7044 %44
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4-D Tensor Hierarchies

[1 The 3-forms C» must be to constants: the embedding tensor ¢}, ¢. This
is expressed through the formula
oV
1
Go' =2%5g,0
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4-D Tensor Hierarchies

[1 The 3-forms C» must be to constants: the embedding tensor ¢}, ¢. This
is expressed through the formula

[1 Using the three

relations in the Bianchi identity of H 4 we get

D x g4 =4Ty G NG +%*Y,4

C

oV
09 ¢

February 3rd 2009

5th Spanish (1st Iberian) Meeting

Page 15-a



4-D Tensor Hierarchies

[1 The 3-forms C» must be to constants: the embedding tensor ¢}, ¢. This
is expressed through the formula

[1 Using the three relations in the Bianchi identity of H 4 we get

o oV
09 ¢

D x g4 =4Ty G NG +%*Y,4

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

o oV
99 €’

@*jA:—Q(kAigi—l—C.C.)—I—ZLTA G NG ‘|‘*YA

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

ki€ +cc.=0

which is equivalent to the scalar e.o.m. for symmetric o-models.
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4-D Tensor Hierarchies

[1 Finally, the indices of the 3 4-forms D 5, D , Dg are conjugate to those
of the constraints Q7. Q ,Q . They are Lagrange multipliers enforcing
them.
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4-D Tensor Hierarchies

[1 Finally, the indices of the 3 4-forms D 5, D , Dg are conjugate to those
of the constraints Q7. Q ,Q . They are Lagrange multipliers enforcing
them.

To show that this interpretation is right, we must construct a gauge -invariant action
for these fields, including the embedding tensor .
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4-D Tensor Hierarchies

[1 Finally, the indices of the 3 4-forms D 5, D , Dg are conjugate to those
of the constraints Q7. Q ,Q . They are Lagrange multipliers enforcing
them.

To show that this interpretation is right, we must construct a gauge -invariant action
for these fields, including the embedding tensor .

The gauge -invariant action is
S = / {—2G;;»DZ N+DZ*I" +2F% A Gy, —+V

—A4Z%ABa N (Fs — 3Z5PBp) —5X sA  NA A (F* - Z*PBg)
—%X[ ]EA N A /\(dA —iX[ ]EA N A )
—209 AN(Cy + A" ABy)

+2Q  F(Dp  —1A ANA ABp)+2Q%PDap+2L D I
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4-D Tensor Hierarchies

[1 Finally, the indices of the 3 4-forms D 5, D , Dg are conjugate to those
of the constraints Q7. Q ,Q . They are Lagrange multipliers enforcing
them.

To show that this interpretation is right, we must construct a gauge -invariant action
for these fields, including the embedding tensor .

The gauge -invariant action is
S = / {—2G;;»DZ N+DZ*I" +2F% A Gy, —+V

—A4Z%ABa N (Fs — 3Z5PBp) —5X sA  NA A (F* - Z*PBg)
—%X[ ]EA N A /\(dA —iX[ ]EA N A )
—209 AN(Cy + A" ABy)

+2Q  F(Dp  —1A ANA ABp)+2Q%PDap+2L D I

And the e.o.m. in full glory are....
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4-D Tensor Hierarchies

18S/6Z0 = GipDxDZ —8iGu T NG — x50V,
1 55 1 A . 1 1 E

—LynrAY AN (A" + 23X () " A" ANA) + 2Qu " Teon AV NAT AN A

—d(Fv —Gu) = Xpin) AV ANFr —Gr)+ 3090 ABa+2Q1r"Ck
*% = 9NFr—Gr)+Q*Bp -2, ANAY —LQu AT ANAT,
: 5SA = (G4 = 1%0V/00. ) — AV A (Ha + %% ja)
50
+2iTanr AV NAYANF" -GN —(F" —G")ABa,
521 = Qas 5D5§ =Qnrt, 5D55 =L
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4-D Tensor Hierarchies

6 — Conclusions
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4-D Tensor Hierarchies

6 — Conclusions

We have constructed the complete 4-dimensional tensor hierarchy, which has
more fields than predicted by de Wit & Samtleben arXiv:0805.4767 [hep-th].

February 3rd 2009 5th Spanish (1st Iberian) Meeting Page 17-a



4-D Tensor Hierarchies

6 — Conclusions

We have constructed the complete 4-dimensional tensor hierarchy, which has
more fields than predicted by de Wit & Samtleben arXiv:0805.4767 [hep-th].

We have found an interpretation for all the fields that appear in it and their
relations. The tensor hierarchy encodes all the (non-gravitational) information of
any gauge theory.
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4-D Tensor Hierarchies

6 — Conclusions

We have constructed the complete 4-dimensional tensor hierarchy, which has
more fields than predicted by de Wit & Samtleben arXiv:0805.4767 [hep-th].

We have found an interpretation for all the fields that appear in it and their
relations. The tensor hierarchy encodes all the (non-gravitational) information of
any gauge theory.

We have constructed an action for all the fields of the tensor hierarchy ,
generalizing the results of de Wit, Samtleben & Trigiante arXiv:hep-th/0507289.
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4-D Tensor Hierarchies

6 — Conclusions

We have constructed the complete 4-dimensional tensor hierarchy, which has
more fields than predicted by de Wit & Samtleben arXiv:0805.4767 [hep-th].

We have found an interpretation for all the fields that appear in it and their
relations. The tensor hierarchy encodes all the (non-gravitational) information of
any gauge theory.

We have constructed an action for all the fields of the tensor hierarchy ,
generalizing the results of de Wit, Samtleben & Trigiante arXiv:hep-th/0507289.

The next step should be to apply these results to d = 4 supergravities with
N =1 and N =2 supersymmetry (see, and listen to, M. Hiibscher’s talk).
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4-D Tensor Hierarchies

6 — Conclusions

We have constructed the complete 4-dimensional tensor hierarchy, which has
more fields than predicted by de Wit & Samtleben arXiv:0805.4767 [hep-th].

We have found an interpretation for all the fields that appear in it and their
relations. The tensor hierarchy encodes all the (non-gravitational) information of
any gauge theory.

We have constructed an action for all the fields of the tensor hierarchy ,
generalizing the results of de Wit, Samtleben & Trigiante arXiv:hep-th/0507289.

The next step should be to apply these results to d = 4 supergravities with
N =1 and N =2 supersymmetry (see, and listen to, M. Hiibscher’s talk).

What happens in higher dimensions? (work in progress)

February 3rd 2009 5th Spanish (1st Iberian) Meeting Page 17-¢



	Introduction/motivation
	The embedding tensor method: electric gaugings
	The embedding tensor method: general gaugings
	The 4-d tensor hierarchy
	The meaning of the d=4 tensor hierarchy
	Conclusions

