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@ The gauging of maximal 8-dimensional supergravity: Salam and Sezgin obtained this
theory with an SO(3) C SL(3,R) gauging (Other 3-dimensional groups can be
obtained by the same procedure)

@ The gauge fields of this theory are the three Kaluza-Klein vectors. However, the
theory has another SL(3,R) triplet of vectors that can be used as gauge fields: the
vectors that come from the 11-dimensional 3-form.

o It is not known how to obtain this theory from the conventional 11-dimensional
supergravity.

@ It is believed that it should be possible to obtain this second SO(3)-gauged theory
by an SL(2) rotation of the Salam-Sezgin one.

@ From the 8-dimensional point of view, these two theories should be equivalent.

o It is hard to say whether these two theories are equivalent from the 11-dimensional
point of view.
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From 11-dimensional to 8-dimensional supergravity

11-dimensional » Massive
supergravity 11-dimensional
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Salam and Sezgin, (1985),
Alonso-Alberca,Messen, Ortin, (2001),

Alonso-Alberca, Bergshoeff, Gran, Linares, Ortin, Roest, (2003),
Puigdomenech, de Roo, (2008).

imensional field theories
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Goals

@ We want to show that the gauged theory obtained from the compactification of
massive 11-dimensional supergravity (The AAMO theory. Alonso-Alberca,Messen,
Ortin (2000)) is indeed one of the SO(3)-gauged maximal supergravities that can be
obtained using the embedding tensor method.
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Goals

@ We want to show that the gauged theory obtained from the compactification of
massive 11-dimensional supergravity (The AAMO theory. Alonso-Alberca,Messen,
Ortin (2000)) is indeed one of the SO(3)-gauged maximal supergravities that can be
obtained using the embedding tensor method.

@ We want to show that, from the 8-dimensional point of view, it is related to the
Salam-Sezgin one (The SS theory, Salam and Sezgin, (1985)) by an SL(2,R)
transformation. We will achieve both goals by constructing a 1-parameter family of
SL(2)-related SO(3)-gauged supergravities that interpolates between the SS and
AAMO theories.
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Ungauged d = 8 theories

The field content of a generic d = 8 theory:
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Ungauged d = 8 theories

The field content of a generic d = 8 theory:
@ the metric gyv,
o scalar fields ¢*,
o 1-form fields A’ = Al dx*,
o 2-form fields By, = 2Bmuvdxﬂ AdxY and
o 3-form fields C7 = 5 Lca pvpdxt AdxY AdxP.

What is the simplest theory one can construct with these fields?.

The simplest field strengths are the exterior derivatives:

Fl=dAl, Hm = dBm, G2 =dcC?.
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Ungauged d = 8 theories

The field content of a generic d = 8 theory:
@ the metric gyv,
o scalar fields ¢*,
o 1-form fields A’ = Al dx*,
o 2-form fields By, = 2Bmuvdxﬂ AdxY and
o 3-form fields C7 = 5 Lca pvpdxt AdxY AdxP.

What is the simplest theory one can construct with these fields?.

The simplest field strengths are the exterior derivatives:
Fl=dAl, Hpm = dBpm, G2 =dcC?.
The most general gauge-invariant action is:

s = /{*R—f—%gxydqﬁ"/\*dq)y—%///,_,F’/\*FJ—i—%///”’"Hm/\*H"

—13m A5, GIAKGE — IRe N GIN G,

where the kinetic matrices 94, , %, #™",3m.A,p as well as the matrix Re. 45, are
scalar-dependent.
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Gauging the global symmetries of the theory

The most general possibilities can be explored using the embedding tensor formalism

Cordaro, Fré,Gualtieri, Termonia and Trigiante (1998). Nicolai and Samtleben (2001).De
Wit and Samtleben (2001). De Wit, Samteblen and Trigiante (2003)

The tensor hierarchy \

De Wit and Samtleben (2005). De Wit, Nicolai and Samteblen (2008). Bergshoeff,
Hartong, Hohm,Hubscher and Ortin (2009). De Wit and Zalk (2009)
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The embedding tensor formalism

@ It turns out that all couplings that deform an ungauged supergravity into a gauged
one, can be given in terms of the embedding tensor.

@ Gauged supergravities are classified by the embedding tensor, subject to a number of
algebraic or group-theoretical constraints.

@ The embedding tensor © ;% pairs the generators ty of the group G with the vector
fields A”M used for the gauging.

AMoy®,
@ Which combinations of group generators
XM = eMa ta

can be seen as the generators of the gauge group?.
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The gauging of the global symmetry

We promote the global parameters o to local ones a(x) and we make the
identifications:

The embedding tensor and the global parameters

at=c'9A.

| A\

The embedding tensor and the 1 — forms

The gauge fields for these symmetries are given by

AA= Al A,
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The first Constraint and the 1-forms

The derivatives transform covariantly under gauge transformations 8¢ = 6/ 1%,
provided that the embedding tensor is gauge-invariant

S =0,

and provided that the 1-forms transform as

AAl9A

07
56AI = 90! +AA’, where

20! do!' —AIX,! oK,

The gauge invariance of the embedding tensor leads to the so-called quadratic constraint
B K A Aq C
9,8 | Ts™ 0 ~ fac™®, <] = 0.

To determine AA’ we have to construct the gauge-covariant 2-form field strengths F/.
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Field Strengths

Fl'o= dAl - Ix,/ AR+ ZImB,,,
Hp = Bm—dmydAl A+ 1M AVK L 7, CT,
G = 9C +d" F’B,,—%Z"’Ban—k%dnJKdAJAKl-F%deJXKMLAUKL]—Zimﬁ"
AT = @Bm—d,-,mF’C"er"’"PBn(Hp+AHp—2Z,-pC")
+d™ K dA! dAT AK

+ (ledideandnlL - %dm/JMXKML) dA! KL
+ (%dmNPMX/NJ — & dmmd]" nPJ) Xy P AKEM

+ZImA~I,
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On d=8 gauged supergravities

@ See OLA, Ortin (2016), The Tensor Hierarchies of 8-dimensional Theories

@ The simplest mechanical procedure to obtain them from 11-dimensional supergravity
would be to perform the standard Scherk-Schwarz reduction that gives an
8-dimensional SO(3)-gauged maximal supergravity in which the 3 Kaluza-Klein
vectors play the role of gauge fields and then perform the SL(2,R) duality
transformations. Salam and Sezgin (1985).

@ The 8-dimensional SL(2,R) duality transformations have no clear 11-dimensional
counterpart, though, and the SO(3)-gauged maximal supergravities in which the
triplet of gauge fields are not the first component of the SL(2,R) doublet obtained
in this way cannot be uplifted to 11 dimensions.
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On d=8 gauged supergravities

@ See OLA, Ortin (2016), The Tensor Hierarchies of 8-dimensional Theories

@ The simplest mechanical procedure to obtain them from 11-dimensional supergravity
would be to perform the standard Scherk-Schwarz reduction that gives an
8-dimensional SO(3)-gauged maximal supergravity in which the 3 Kaluza-Klein
vectors play the role of gauge fields and then perform the SL(2,R) duality
transformations. Salam and Sezgin (1985).

@ The 8-dimensional SL(2,R) duality transformations have no clear 11-dimensional
counterpart, though, and the SO(3)-gauged maximal supergravities in which the
triplet of gauge fields are not the first component of the SL(2,R) doublet obtained
in this way cannot be uplifted to 11 dimensions.

The only way to uplift an 8-dimensional solution of these theories would be to undo first
the SL(2,R) rotation converting the solution in a solution of the Salam-Sezgin theory. J
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On d=8 gauged supergravities

@ See OLA, Ortin (2016), The Tensor Hierarchies of 8-dimensional Theories

@ The simplest mechanical procedure to obtain them from 11-dimensional supergravity
would be to perform the standard Scherk-Schwarz reduction that gives an
8-dimensional SO(3)-gauged maximal supergravity in which the 3 Kaluza-Klein
vectors play the role of gauge fields and then perform the SL(2,R) duality
transformations. Salam and Sezgin (1985).

@ The 8-dimensional SL(2,R) duality transformations have no clear 11-dimensional
counterpart, though, and the SO(3)-gauged maximal supergravities in which the
triplet of gauge fields are not the first component of the SL(2,R) doublet obtained
in this way cannot be uplifted to 11 dimensions.

The only way to uplift an 8-dimensional solution of these theories would be to undo first
the SL(2,R) rotation converting the solution in a solution of the Salam-Sezgin theory. J

@ Maybe find more general non-covariant deformations of 11-dimensional supergravity
leading to the rest of SO(3)-gauged 8-dimensional maximal supergravities.
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Supergravity in 11-dimensions

Cremmer and Julia (1978)
The bosonic fields of N =1,d = 11 supergravity are:

The field strength of the 3-form is
G=40C,

and is obviously invariant under the gauge transformations
§C=30%,

where )’AZ is a 2-form.
The action for these bosonic fields is

5— [ans/d [fe LE 11 5EatE
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=2, d = 8 supergravity

e ¥/ =2, d =8 supergravity can be obtained by direct dimensional reduction of
11-dimensional supergravity on T3.
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A =2, d =8 supergravity

e ¥/ =2, d =8 supergravity can be obtained by direct dimensional reduction of
11-dimensional supergravity on T3.

@ The scalars of the theory parametrize the coset spaces SL(2,R)/SO(2) and
SL(3,R)/SO(3) and the U-duality group of the theory is SL(2,R) x SL(3,R) and its
fields are either invariant or transform in the fundamental representations of both
groups.
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A =2, d =8 supergravity

e ¥/ =2, d =8 supergravity can be obtained by direct dimensional reduction of
11-dimensional supergravity on T3.

@ The scalars of the theory parametrize the coset spaces SL(2,R)/SO(2) and
SL(3,R)/SO(3) and the U-duality group of the theory is SL(2,R) x SL(3,R) and its
fields are either invariant or transform in the fundamental representations of both
groups.

@ We use the indices i,j, k = 1,2 for SL(2,R) doublets and m,n,p=1,2,3 for SL(3,R)
triplets.
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A =2, d =8 supergravity

e ¥/ =2, d =8 supergravity can be obtained by direct dimensional reduction of
11-dimensional supergravity on T3.

@ The scalars of the theory parametrize the coset spaces SL(2,R)/SO(2) and
SL(3,R)/SO(3) and the U-duality group of the theory is SL(2,R) x SL(3,R) and its
fields are either invariant or transform in the fundamental representations of both
groups.

@ We use the indices i,j, k = 1,2 for SL(2,R) doublets and m,n,p=1,2,3 for SL(3,R)
triplets.

@ The bosonic fields are

gHV7 C7 BmaAimaav(pw%m"?

where C is a 3-form, By, a triplet of 2-forms, A'™, a doublet of triplets of 1-forms
(six in total), a and ¢ are the axion and dilaton fields which can be combined into
the axidilaton field

T=a+ie ?,
or into the SL(2,R)/SO(2) symmetric matrix
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The bosonic action is:

S = [{-+RA YT (At nadt )+ YT (W prd W)
A I M F'™ NI+ 3 0™ Hiy AHp + 379 GIAxGL — LaGL G
+1G [Hp A2 — By F?™ + Lemn, F2M AL AP
+IHmF2m [C + Lemnp AL ALY AZP]
+3€MP Ho Hp (Bp — $€pqr AT A2T) )

and the field strengths

Hm

dBm + € €mnp F AP,

G' = dC'+F'™Bm+ LejemnpAtTFTAP.
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The SO(3) gaugings of .4 =2, d = 8 supergravity

@ The only structure constants that we need to know explicitly are those of the SO(3)
subgroup

[Tma Tn] = fmnp Tp = *emnp Tpa
@ The indices /,J,... must be replaced by composite indices im, jn etc. where

ij,...=1,2and m,n,...=1,2,3 are indices in the fundamental representations of
SL(2,R) and SL(3,R), respectively.
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The SO(3) gaugings of .4 =2, d = 8 supergravity

@ The only structure constants that we need to know explicitly are those of the SO(3)
subgroup

[Tm, Tn] = fmnp Tp = *emnp Tpa
@ The indices /,J,... must be replaced by composite indices im, jn etc. where
ij,...=1,2and m,n,...=1,2,3 are indices in the fundamental representations of
SL(2,R) and SL(3,R), respectively.
@ In the electric 3-forms the lower index 1 is equivalent to an upper index 2:
C1 = £12C? = C? and, therefore (C') = (8) = (g;) On the other hand,
C,' =¢&j Cj.
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The SO(3) gaugings of .4 =2, d = 8 supergravity

@ The only structure constants that we need to know explicitly are those of the SO(3)
subgroup

[Tma Tn] = fmnp Tp = *emnp Tpa
@ The indices /,J,... must be replaced by composite indices im, jn etc. where
ij,...=1,2and m,n,...=1,2,3 are indices in the fundamental representations of
SL(2,R) and SL(3,R), respectively.
@ In the electric 3-forms the lower index 1 is equivalent to an upper index 2:
C1 = £12C? = C? and, therefore (C') = (8) = (g;) On the other hand,
C,' =¢&j Cj.
o Comparing the field strengths of this theory with those of the generic ungauged

theory we get that the d-tensors can be constructed entirely in terms of the
U-duality invariant tensors &';,€;,0™ n, €mnp:

1
dmy  — dminjp = —5&mnp&jj,

di/m — dij,,’":S’J-E’”,,.
Moreover

di(”md,-u)" = _2dmnpde7 = d"P = _,'_%smnp.
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@ In this theory, the embedding tensor has the form ®;,”. We know there are at least
two possible SO(3) C SL(3,R) gaugings of this theory:
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@ In this theory, the embedding tensor has the form ®;,”. We know there are at least
two possible SO(3) C SL(3,R) gaugings of this theory:
@ Salam and Sezgin's (SS), in which the 3 vector fields A'™ coming from the metric of

11-dimensional supergravity (that is, the 3 Kaluza-Klein (KK) vector fields) are used
as gauge fields.
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@ In this theory, the embedding tensor has the form ®;,”. We know there are at least
two possible SO(3) C SL(3,R) gaugings of this theory:

@ Salam and Sezgin's (SS), in which the 3 vector fields A'™ coming from the metric of
11-dimensional supergravity (that is, the 3 Kaluza-Klein (KK) vector fields) are used
as gauge fields.

@ The AAMO gauging in which the 3 gauge fields are the A%?™ coming from the 3-form
of 11-dimensional supergravity.
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@ In this theory, the embedding tensor has the form ®;,”. We know there are at least
two possible SO(3) C SL(3,R) gaugings of this theory:

@ Salam and Sezgin's (SS), in which the 3 vector fields A'™ coming from the metric of
11-dimensional supergravity (that is, the 3 Kaluza-Klein (KK) vector fields) are used
as gauge fields.

@ The AAMO gauging in which the 3 gauge fields are the A%?™ coming from the 3-form
of 11-dimensional supergravity.

@ The Salam-Sezgin gauging corresponds to choosing an embedding tensor whose only
non-vanishing components are 9;,," = g&;18," where g is the coupling constant,
and the AAMO gauging corresponds to the choice Bi," = g8;28,".
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@ In this theory, the embedding tensor has the form ®;,”. We know there are at least
two possible SO(3) C SL(3,R) gaugings of this theory:

@ Salam and Sezgin's (SS), in which the 3 vector fields A'™ coming from the metric of
11-dimensional supergravity (that is, the 3 Kaluza-Klein (KK) vector fields) are used
as gauge fields.

@ The AAMO gauging in which the 3 gauge fields are the A%?™ coming from the 3-form
of 11-dimensional supergravity.

@ The Salam-Sezgin gauging corresponds to choosing an embedding tensor whose only
non-vanishing components are 9;,," = g&;18," where g is the coupling constant,
and the AAMO gauging corresponds to the choice Bi," = g8;28,".

@ From the 8-dimensional supergravity point of view, one could use any other SL(2,RR)
transformed of the A™ triplet as gauge fields. The corresponding embedding tensor
has the form

Bim" = viém",

where v; is a 2-component vector transforming in the fundamental of the
electric-magnetic SL(2,R) duality group
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@ In this theory, the embedding tensor has the form ®;,”. We know there are at least
two possible SO(3) C SL(3,R) gaugings of this theory:

@ Salam and Sezgin's (SS), in which the 3 vector fields A'™ coming from the metric of
11-dimensional supergravity (that is, the 3 Kaluza-Klein (KK) vector fields) are used
as gauge fields.

@ The AAMO gauging in which the 3 gauge fields are the A%?™ coming from the 3-form
of 11-dimensional supergravity.

@ The Salam-Sezgin gauging corresponds to choosing an embedding tensor whose only
non-vanishing components are 9;,," = g&;18," where g is the coupling constant,
and the AAMO gauging corresponds to the choice Bi," = g8;28,".

@ From the 8-dimensional supergravity point of view, one could use any other SL(2,RR)
transformed of the A™ triplet as gauge fields. The corresponding embedding tensor
has the form

Bim" = viém",

where v; is a 2-component vector transforming in the fundamental of the
electric-magnetic SL(2,R) duality group

@ The SO(3) gauge fields are combinations of the two triplets of vector fields

main _ . Aim
i, TAT = v; AT

and include, as limiting cases, the SS and the AAMO theories.
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Solving the constraints

We have found a set of deformation parameters which are a solution for all constraints

O =vibm", Z™M"=Vv'6"", Z,=0
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@ The kinetic terms in the action

SO = [{*R4 YT (DMl 1Dt 4 ST (W xd W W)

A 3l n F™ NAFIT - 3 ™ Hiy AxHp + 372G AXG —2aGAG -V}
o We add

s = /{—dClAcz ~1AGIAG?— Lem™PB, 9B, 7By + Le™P B H,Hy
— 3 AMANAHR 2B, }
@ Another correction
s@ = /{f%v,-(F"’" —V/Bn)BmBnBn+ $£™P B AH,AH, — 3e;0G OF/MB,

+ 2 € AMAN D B AH, }
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The scalar potential

@ The scalar potential must satisfy:

LoV oV
kA W: Aﬂw7

where the index 1 labels the deformations c¢?, which, in this case, are just ¥;,”,Z™"
and Zim-
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The scalar potential

@ The scalar potential must satisfy:
kX oV _ 49V
A a¢x - A acn I

where the index 1 labels the deformations c¢?, which, in this case, are just ¥;,”,Z™"
and Zim-

@ No general rules available in the literature to construct the fermion shifts of any

gauged supergravity. Castellani, Ceresole, Ferrara, D "Auria, Fré and Maina,(1986),
(1985). Bandos and Ortin (2016).
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The scalar potential

@ The scalar potential must satisfy:
kAxal - Aﬂal7
20 dct
where the index 1 labels the deformations c¢?, which, in this case, are just ¥;,”,Z™"
and Zim-

@ No general rules available in the literature to construct the fermion shifts of any
gauged supergravity. Castellani, Ceresole, Ferrara, D "Auria, Fré and Maina,(1986),
(1985). Bandos and Ortin (2016).

@ They can be written in terms of the dressed structure constants of the gauge group.
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The scalar potential

@ The scalar potential must satisfy:

kaX oV _ 19V
A a(px - A acn I
where the index 1 labels the deformations c¢?, which, in this case, are just ¥;,”,Z™"

and Zim-
@ No general rules available in the literature to construct the fermion shifts of any

gauged supergravity. Castellani, Ceresole, Ferrara, D "Auria, Fré and Maina,(1986),
(1985). Bandos and Ortin (2016).

@ They can be written in terms of the dressed structure constants of the gauge group.

The scalar potential

V=-1s,sH L 1smn Ny = —1oiivy [Tr(,//!)z —2Tr(///2)} :

where #7 is the SL(2,R)/SO(2) symmetric matrix, and where we have used

Mupn = LnPLP, sothat T=Tr(.#), and T™T™" =Tr(.#?).
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pla) oo
(@ —b)2 + A

/T‘Iwmw‘;m);

| | - - /
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