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1 Introduction

Integrability plays a key role in the study of AdS/CFT correspondence [1-3] between Type
IIB superstring theory on the AdSs x S° background and the maximally supersymmetric
Yang-Mills gauge theory in four dimensions (see [4] for a review). The former superstring
theory is described by the Metsaev-Tseytlin action [5]. This action is the sum of two terms:
a kinetic one and an exact Wess-Zumino-like one. The value of the coefficient in front of the
Wess-Zumino term is fixed by requiring invariance under k-symmetry. There is a very nice
interplay between k-symmetry and integrability. Indeed, the value of the aforementioned
coefficient which guaranties x-symmetry also ensures integrability. This means that the
equations of motion admit a zero-curvature formulation in terms of a Lax pair [6] (see [7]
for a review).

Recall that k-symmetry is a fermionic gauge invariance. It has been shown in [8-10]
that it is possible to deform the AdSs x S° superstring while maintaining both prop-
erties of integrability and invariance under a local fermionic symmetry. The o-model
constructed in [8] has been dubbed n-deformation. The one constructed in [9] is some-
times also designated as n-deformation in the literature. These theories are also called
inhomogeneous/homogeneous Yang-Baxter deformations because their definitions involve
a R-matrix, which is a solution of an inhomogeneous/homogeneous equation respectively.
The latter equations are the modified classical Yang-Baxter equation and the classical
Yang-Baxter equation respectively. The deformation proposed in [10] has been called -
deformation of the AdSs x S® superstring. The actions which have been put forward in [8, 9]
are deformations of the Metsaev-Tseytlin action while the action associated with the A-
deformation [10] appears as a deformation of the non-abelian T-dual of the AdSs x S°



superstring o-model. Inhomogeneous Yang-Baxter deformations are related [11-14] by
Poisson-Lie T-duality [15, 16] and analytic continuation to A-deformations. Such defor-
mations generalise techniques applied to the principal chiral model and symmetric space
o-models [17-21]. These deformations, some further generalisation as well as lower dimen-
sional cases have been thoroughly explored in many articles (see references for instance in
the thesis [22] and the reviews [23, 24]).

It has been shown recently that the actions of the n- and A-deformations can be put on
the Green-Schwarz form and that their fermionic local symmetry corresponds to standard
k-symmetry [25]. On a more general and fundamental level, a full understanding of these
models from a supergravity perspective has required to revisit and underpin precisely the
relationship between k-symmetry and supergravity. This has been achieved a short while
ago [26] and may be summarised as follows. Conditions to have classical k-symmetry of
Green-Schwarz o-model are not equivalent! to Type IIB supergravity equations but to
the generalisation of these equations which has been derived in [26, 28]. An equivalent
statement is that classical k-symmetry does not imply two-dimensional Weyl invariance
for the o-model but only scale invariance.

The generalized supergravity equations comprise a Killing vector field K and or-
dinary Type IIB supergravity equations are recovered whenever K vanishes. For in-
stance, the background associated with the A-deformation has no isometry. This explains
why the A-deformation defines generically [25] a Type IIB supergravity background (see
also [29-31] and [32, 33]). On the contrary, the Arutyunov-Borsato-Frolov (ABF) back-
ground [22, 34, 35|, which corresponds to the 7n-deformation in [8], is a solution of the
generalized supergravity equations [28]. A general discussion, including the case of homo-
geneous Yang-Baxter deformations, and examples of the latter may be found in [25] and
in [36-39] respectively.

The presence of a Killing vector field plays an important role. Indeed, solutions of
generalized Type II supergravity are related by formal T-duality to ordinary supergravity
solutions. This may be illustrated by two examples [28]. Consider ﬁrstly the Hoare-Tseytlin
(HT) Type IIB background described in [40]. It consists of a metric G, a (imaginary) 5-
form F5 and a dilaton gi) The metric and the product ]:5 = e¢F5 are invariant under a
U(1)% isometry. However, the dilaton contains a linear non-isometric term, which breaks
four of these isometries. Applying a formal T-duality in all isometric directions on G and
]?5 leads [40] to the ABF background. The second example is simpler and explains the
mechanism at work. We reproduce it from [28]. Consider the equations

Rom + 2V Vpd =0, and R+4V%p—40,60"6 =0, (1.1)
for a metric and dilaton of the form
ds’ = @Ay + A (2)dat]? + g (@)datde”  and  G(F.x) = —cf + f(a),

with ¢ a constant. The metric has an isometry which is broken by the linear term in the
dilaton. Applying T-duality to the metric leads to the metric and B-field:

ds? = e 2@ aqy? g, (z)daHdz” and B =A,(x)dy A dz". (1.2)

!See also [27] for a related discussion in the pure spinor formulation.



Introduce then the vector X = K+ Z, where the non-zero components of the Killing vector
K and Z are K, = ce”2%®) and Z,, = ,(f — a) — B, KY. Then, equations (1.1) become
for X and the metric and the field strength H of the B-field in (1.2)

mnp

1
Ry + Vi X + Vi Xy =0, and R— 5 H?, +4V,X™ —4X,X™=0. (1.3)

When ¢ vanishes, K vanishes as well. Then X,,, = Z,, = O (f — a) = 0,,¢ and therefore
equations (1.3) generalise equations (1.1).

The generalized IIB equations from [28] may be obtained by applying an analogous
generalized T-duality to the full field equations of ITA supergravity again with non-isometric
linear dilaton. This suggests that they should have a natural place in the manifestly
duality covariant formulation of maximal supergravities — the so-called exceptional field
theories (ExFT) [41-43]. These give a U-duality covariant unified description of ITA and IIB
supergravity on a formally enhanced exceptional space-time. According to the solution of
the section constraint which selects the physical coordinates, their field equations reproduce
the standard ITA and the IIB field equations, respectively. We will show in this article,
that also the generalized I1B supergravity equations are straightforwardly obtained from
exceptional field theory upon choosing a particular solution of the section constraint.

Our framework for this article is the FEgi) covariant exceptional field theory
from [41, 42], most adapted to the 5 + 5 split of the IIB coordinates for the undeformed
AdS5 x S% background. In Eg) ExFT, the AdS5 coordinates {x#} remain external coor-
dinates while the 5 coordinates {y*} describing the S°-geometry of the undeformed back-
ground, are internal and formally embedded into 27 coordinates {Y™} transforming in
the fundamental representation of the group Eg). Dependence of all fields on the 27
coordinates is heavily constrained by the section constraint stating that

dEMNg @0y =0, (1.4)

whenever the derivatives act on the various fields of the theory. Here, d¥™" denotes the
cubic invariant tensor of Egg). The field content of this ExFT is given in terms of Egg)
covariant fields, most notably a group-valued symmetric 27 x 27 matrix M,y parametriz-
ing the coset space Eg)/USp(8). The type IIB theory is recovered upon breaking Egg)
down to its subgroup SL(5) x SL(2) x GL(1)1g, such that

27 — (5,1)4a+ (5,2) 41 + (10, 1) g + (1,2)_5 ,
{(YMY — {9, Jaa, 5% Ja} a=1,...,5, a==. (1.5)

Restricting the dependence of all fields to the 5 coordinates {y®} of highest grading under
the GL(1)mp provides a solution to (1.4). Decomposing the matrix M /x into its various
blocks according to (1.5) allows to identify the explicit dictionary to the various components
of the IB fields [44]. The field equations of ExFT in this case reproduce the equations of
standard IIB supergravity.

We will show in this article that generalized IIB supergravity equations are obtained
upon choosing a different solution of the section condition. Recall that among the ingre-
dients of the generalized equations features a Killing vector field K* which after splitting



{y*} = {y',y*}, (i = 1,...,4), we choose along the fixed direction K¢ = §¢, such that
0.® = 0 for all fields of the theory. In this case, the section constraint (1.4) admits a
different (and inequivalent) solution in which we restrict the dependence of all fields to
the subset {y¢, 7.4 }, i.e. allow for an additional dependence on the coordinate §,.. We
will show that upon imposing a particular dependence on g, (in terms of a generalized
Scherk-Schwarz reduction ansatz), the field equations of exceptional field theory precisely
reproduce the generalized I1B supergravity equations.

We should stress that the existence of an inequivalent solution to the section constraint
does not come as a surprise but this choice of coordinates is equivalent (after rotation) to
selecting the ITA coordinates g4+ in (1.5), in which case ExFT reproduces the standard
ITA theory. This precisely amounts to the fact that generalized IIB supergravity can be
obtained via T-duality from a sector of IIA supergravity. Since the framework of excep-
tional field theory is manifestly duality covariant, we do not have to go through this duality
explicitly but can simply absorb its effect into a rotation of the extended coordinates. Eval-
uating ExFT according to the IIB dictionary however in the new coordinates {1, 7.+ } with
proper Scherk-Schwarz ansatz in ¢,+ then directly yields the generalized 1B supergravity
equations.

The rest of the article is organized as follows: in section 2 we collect the generalized
[IB supergravity equations. In section 3 we start with a brief review of the relevant Egg)
exceptional field theory and present the generalized Scherk-Schwarz ansatz that governs
the g.4-dependence of the fields. We work out the ExF'T field equations with this ansatz
and show that they yield the generalized IIB supergravity equations.

While we were writing up these results, Sakatani, Uehara, and Yoshida submitted the
interesting paper [45] to the archive which in a similar spirit relates the NS-NS truncation
of the generalized type IIB supergravity equations to the O(d,d) covariant double field
theory [46-49].

2 Generalized IIB supergravity

2.1 Generalized field equations and Bianchi identities

We recall in this section the bosonic generalized IIB supergravity equations which have
been derived in [28]. Their fermionic completion has been found in [26]. The equations are
expressed in string frame. The equations for the metric G,,, and the B-field B, + are

1
Ryn — ZHmqunpq = Ton + Vi Xy + Vi Xy = 0, (2.1a)
1 1 L
5 V' Hpmn + 5 F? Fomn + 75 Fonnpar FP" = XP Hpmn, = Om X + 00 Xm =0, (2.1b)

1
R—EH2 + 4V X" —4X, X™ =0,  (2.1c)

mnp
where V,,, denotes the space-time covariant derivative, R,,, the Ricci tensor, R the Ricci
scalar and Hppp = 30, B,y 4 the field strength of the NS-NS B-field. The R-R fields
enter via the currents F,,...,,, and contribute to the stress tensor in (2.1a) via

1 1 1 1 1 ,
Tmn = i]:m]:n‘FZ ]:mpq]:npq“‘m -Fmpqrsfnpq _Z Gmn (fpfp+6 ]:pqr]:pq ) . (21d)



The equations (2.1a)—(2.1c) are based on the existence of a Killing vector field K and an ad-
ditional vector field Z with K™ Z,, = 0, which enter the field equations in the combination
X = K + Z. The vector field Z satisfies the Bianchi type equations

O Zn — OnZom + KP Hypy = 0 . (2.2)

The ordinary type IIB equations are recovered in the limit where K = 0 such that Z can
be integrated to the dilaton field Z,, = 0p,¢.

In the R-R sector, the generalized dynamical equations for the field strengths Fp,,...m,,
are given by

1

V" Fin = 2" F = G H™ Fpnp = 0, K™ Fpp =0, (2.3a)
1
VP Fommn — ZP Fpmn — 5 HPU Fompgr — (KA F1)mn =0, (2.3b)
1
vr]:r‘mnpq - Zr]:rmnpq + % 5mnpqrstuvaTStfuvw - (K A -7:3)mnpq = 07 (230)

while their modified Bianchi identities can be cast into the compact form
dFons1 — Z N Font1 + Hs A Fop—1 = * (K VAN *f2n+3) . (2.4)

The Bianchi identities extend to the dual field strengths —F7; = *F3 and Fg9 = *Fi.
Furthermore, the selfduality property Frynpg = *Frmnpg of the five form continues to hold
in the modified theory, relating its Bianchi identity and field equation. In the following,
for simplicity of the formulas, we will often choose coordinates such that the Killing vector
field points in a given direction K™ = §}".

2.2 Solution of the Bianchi identities

It has been noted in [28] that equation (2.2) for the new vector Z,, may be interpreted as
a modified “dilaton Bianchi identity” and locally integrated into

Zm = Omd + K Bpm + = O — By - (2.5)

We will in the following stay in this picture and understand the combination 0,,¢ — By« +
as a derivative D,,¢ on the dilaton that is covariantized in a suitable sense. As a related
observation, one may straightforwardly check that the modified Bianchi identities (2.4)
satisfied by the R-R field strengths allow for an explicit integration into F = e? I with

Fi = OmX + Bims+ X + Bims— = DX,
Fyrun = 33} By) - + gB[p‘*Han] . gB[p|*_|an] + + Comns + X Hypmn »
Frnnpar = 5 0mCrupar) + 5 Bian|s Crpgr) = 15 Bl [+10pBar) -
~15 Biyun |4 Bpl« +1Byr) — + 15 Bimn |- 19pBar] + + Crnnpare+
Frnparst = 7 0mCrpgrst) + + 7 Blmst Crpgrst] + 1 35 Clinpg Hyst)
~105 Biyn| +|Bpg| - Hyst] + Connparst - (2.6)



(3N

All the terms, carrying indices ‘,‘ represent the deformations from the standard IIB ex-
pressions. Again, in the following we will assign them a natural interpretation as the con-
nection terms of covariantized derivatives, non-abelian field strengths and the Stiickelberg
type couplings among p-forms. These additional couplings precisely match the structure
of general nine-dimensional gauged supergravities [50, 51] (recall that due to the existence
of a Killing vector field, we are effectively describing a nine-dimensional theory). More
precisely, equations (2.6) can be viewed as resulting from a gauging of nine-dimensional
maximal supergravity in which a linear combination of the Cartan subgroup of the SL(2)1p
and the trombone symmetry which scales every field according to its Weyl weight has been
gauged. The component B, of the ten-dimensional NS-NS two-form serves as a gauge
field.2 An important consequence is the following. According to (2.5), the dilaton ¢ is
charged under the new local gauge symmetry. Translation to the Einstein frame via

Gy = €/ G (2.7)

thus implies that the metric in the Einstein frame is also charged. Translation of the
Einstein field equations (2.1a) into the Einstein frame thus induces field equations which
feature a covariantized Ricci tensor in the sense that all derivatives in its definition are
replaced by properly covariantized ones. In particular, the Riemann tensor is calculated as
curvature of the connection

1

5 Boet Gonn - (28)

. 1
Pann® = 5GP (DG + DuGing = DyGn) . DyGiran = 0y +

This is the generic structure of supergravities in which the trombone symmetry is
gauged [52]. Upon transition to the Einstein frame, we may also regroup the field equations
for NS-NS and R-R two-form (2.1b) and (2.3b) into the manifestly SL(2) covariant form

Dy (FP™" % mag) — & PP Fog® ey = J™s (2.9
with the SL(2) doublet Fypp+ = {Hmnp, Fmnp — X Hmnp}, and the dilaton/axion matrix
mqg parametrized as

¢ —e?
s = (L aoies) o
The current on the r.h.s. of (2.9) is given by the SL(2) doublet
g = {2 2 KImpnl | g2 ylimpnl _ 9y 2 K [’"F”]} : (2.11)

in terms of the Killing vector field K™ and the current F,, = Dy x. We will in the
following recover the non-abelian field-strengths (2.6) from a particular Scherk-Schwarz
ansatz in exceptional field theory.

2To be precise, also a nilpotent generator of SL(2)ms is gauged with the component B,.— serving as
the associated gauge field.



3 Exceptional field theory

3.1 Eg) exceptional field theory

In this section, we give a brief review of the exceptional field theory associated with the
group Egg) into which we will in the following embed the generalized IIB supergravity
equations. We refer to [42, 44, 53] for details of the theory. The bosonic field content of
Eg(s) exceptional field theory reflects the field content of maximal D = 5 supergravity, and
is given by

{gm/7 MMN7 -A,uMa B;U/M} 5 (31)

with indices p,v = 0,...,4, and M = 1,...,27. The symmetric matrices g,, and My
define the external and internal metrics, respectively, the latter parametrizing the coset
space Fg)/USp(8). In addition to their dependence on the five external coordinates
{x"}, the fields (3.1) formally depend on 27 internal coordinates {Y™} transforming in
the fundamental representation of Eg(g). The latter dependence is strongly restricted by
the Eg(g) covariant section condition [54, 55] (on any two fields or gauge parameters A, B)

dEMN gponA =0, dEMN 9y AONB =0, (3.2)

with d¥MN denoting the totally symmetric cubic invariant of Eg(s)- The constraints (3.2)
admit two inequivalent solutions, in which the fields depend on a subset of six or five of
the internal coordinates. Upon implementing one of these solutions, the field equations
of exceptional field theory reproduce full D = 11 supergravity and ten-dimensional I1B
supergravity, respectively.

The field equations of exceptional field theory are most compactly obtained from vari-
ation of a Lagrangian

_ ~ 1 1
\/m IEEXFT =R+ ﬂgHVDMMMNDyMMN— Z‘FMVM‘F#VNMMN

+ ’g’_l EtOp — Vpot - (33)

The first term formally takes the same form as the five-dimensional Einstein-Hilbert term,
where in the definition of the Ricci scalar R all external derivatives are covariantized w.r.t.
the action of internal diffeomorphisms (under which the external metric transforms as a
weighted scalar)

2
8Mgl/p — Dugup = augup - AuMaMgup - g aMAuM Gvp - (34)

The second term in (3.3) is a gauged coset space sigma-model Eg(g)/USp(8) with derivatives
D, = 0, — L4, covariantized under the action of generalized internal diffeomorphisms [55]

LaMuyn = MO My + 200 A My — 100 A* A" PRd g My p
2
+3 OpA” My . (3.5)



The third term in (3.3) describes a Yang-Mills type kinetic term for the 27 gauge vectors
.AuM whose non-abelian structure again is induced by the structure of internal diffeomor-
phisms

.FW,M =2 8[NA,,]M — QA[MK(?K.AV]M + 10 dMKRdNLR A[MN 8KA,,]L
+10dMNE aKBW,N . (3.6)

The Stiickelberg-type coupling to the 27 two-forms B, y induces a modification of the
Bianchi identities as

SD[u]:Vp]M = 1048 OxHyuwpN (3.7)

with the 3-form field strength H,,,n defined by this equation (up to terms that vanish
under projection with d™NK 9p). The term Lo, in (3.3) refers to a Chern-Simons-type
topological term which is such that the field equations obtained by varying the full La-
grangian w.r.t. the two-forms B, ys give rise to the first order duality equations

1
dMNE g, <~/| 9l Mg FF 4 - V100 HWN> ~0, (3.8)

relating the field strengths of vector fields and two-forms. Finally, the last term in (3.3)
is the ‘scalar potential’ that involves only internal derivatives da; whose explicit form can
be found in [42]. Its form is uniquely determined by invariance under internal generalized
diffeomorphisms.

3.2 Section constraints and ITA /IIB/generalized supergravity

The section condition (3.2) is solved by restricting the internal coordinate dependence of
all fields to properly chosen subsets of coordinates. Breaking Eg) down to its subgroup
SL(5) x SL(2) x GL(1)11p according to

27 — (57 1)+4 + (5/7 2)+1 + (107 1)72 + (17 2)75 5
YMY — ", Jaas 9, Ga}, a=1,...,5, a==, (3.9)

and restricting all fields to depend only on the 5 coordinates {y®} of highest grading under
GL(1)ip solves the conditions (3.2). The ExFT field equations derived from (3.3) then
reproduce the IIB theory after decomposing the ExFT fields (3.1) according to (3.9) and
properly translating the various blocks into the various components of the IIB fields [44].
In particular, the scalar matrix M, decomposes into

Mac Macﬁ Ma,cd MULB
./\/laozC Maa,cﬁ Maozcd Maa,ﬁ
Mab,c Mabcﬁ Mab,cd Mabﬁ ’
Mac Ma,cﬁ Macd Maﬂ

Mgy = (3.10)

where the explicit form of the blocks is obtained by evaluating the matrix My y =
VarAVy A from a vielbein Vi 4 given by the product of matrix exponentials

Vig = exp |e™% copeqt 1) e] exp [baba t(+2)ib} Vs Vo exp [® ] , (3.11)



with the relevant eg(g) generators t1ip, t(+2)gb, t(4+4)q and their coefficients originating from
the IIB metric, two-form and four-form, respectively. The matrices V5, Vo represent the
SL(5) x SL(2) factor of the vielbein, related to the internal metric and the IIB dilaton/axion
matrix, respectively. Similarly, vectors and two-forms are decomposed as (3.9)

{AM} — {4 Ayaa A, Aol
{BMV M} — {B,ulfau Buuaaa By ab B;wa} . (3.12)

In contrast, the IIA theory is recovered, if the physical coordinates are identified with
the {J,+} in the decomposition (3.9) (which explicitly breaks the SL(2) factor), the ExFT
fields are decomposed accordingly and translated into the ITA fields. E.g. in this case, the
proper parametrization of the matrix My = ViuAVn4 is obtained via a vielbein V4

VA = exp [@l(45)] exp [Cabc t?icg)} exp [bab t?ig)} exp [Ca t?+1)i| Vsexp [pto + Ptral ,
(3.13)

with the coefficients originating from the ITA metric, dilaton, and p-forms, respectively.

In this paper we choose yet a different solution of the section constraint. First, we
impose the existence of a Killing vector field in the IIB theory and accordingly split the
coordinates {y*} = {y’,y*}, (i = 1,...,4), such that 9,® = 0 for all fields of the theory.
Next, we relax the IIB solution, by allowing fields to depend on the 5 coordinates

(W' gur}, i=1,....4, (3.14)

such that the section condition (3.2) is still satisfied. In the following, we will evaluate
ExFT in the IIB parametrization (3.10) however imposing a particular additional -
dependence according to a simple Scherk-Schwarz ansatz which will trigger the generalized
IIB equations. It is important to note that the choice of coordinates (3.14) is equivalent
(after rotation of the 27 coordinates) to selecting the ITA coordinates g, in (3.9). Applying
the same rotation to the IIA parametrization of ExFT fields such as (3.13) we would
simply recover the ITA theory. This is a manifestation of the fact that the generalized I1B
supergravity equations can be obtained via T-duality from a sector of ITA supergravity.
Since the framework of exceptional field theory is manifestly duality covariant, we can
simply absorb the effect of this duality into a rotation of the extended coordinates. We
will thus evaluate exceptional field theory in its IIB parametrization (3.10) however in
coordinates (3.14) and with a proper Scherk-Schwarz ansatz in g.4 in order to obtain
directly the generalized IIB equations.

3.3 Scherk-Schwarz ansatz

Following the previous discussion, and having chosen physical coordinates according
to (3.14) we now impose on the ExFT fields (3.1) a specific g.4-dependence, such that
in particular the total 7., -dependence consistently factors out from all the equations of



motion. This is achieved by a Scherk-Schwarz ansatz [56]

Mun = Un™ (§) Un"(§) MicL(a*,y")
G = P 2( )gW(fL’“,y)
-A;LM =p )Au (x",y ) (U_l)NM(g) )
J)

B,U,VM =P 2( UM ( ) HVN(xuayi)a (315)

where the g.-dependence of all fields is carried by an Egg)-valued twist matrix U ~E and
a scalar factor p. For simplicity of the notation, here and in the following we also use the
notation § = gy .2

The relevant Scherk-Schwarz ansatz for generalized I1IB supergravity is based on a twist
matrix Up/Y living in an

GL(1) C SL(2)diag € SL(2) x SL(2) C SL(2) x SL(6) C Eg) (3.16)
subgroup of the full duality group Eg). More precisely, upon decomposing

E6(6) — SL(Q) X SL(G) R
27 — (1,15) + (2,6),  {¥YM} — {Y@?’,dea} , (3.17)

n (SL(2) x SL(6))-valued matrix U takes the form

v (Ulrd 0
Um :< ob NENTIE (3.18)

and we choose the matrix factors as

Uﬁ:<U++ 0 >:<p(§) 0 )
“ 0 U~ 0 p @)

A Us 0 0 & 0 0
Ult=100U*0|=]0pH 0 : (3.19)
0 0 U 0 0 p 49

with scale factor given by a linear function p(7) = g+ c¢. In order to check the effect of the
Scherk-Schwarz ansatz (3.15) with (3.19) on the field equations of exceptional field theory,
we consider the current

(Xar)n™ = p (U Hu” (U )N 0pUQ" (3.20)

*Note that the ansatz (3.15) is slightly more general than the ones studied in [56] in that the fields
multiplying the twist matrices on the r.h.s. do not only depend on the external coordinates z* but also on
part of the internal coordinates y*. In this sense, the ansatz (3.15) resembles the embedding of deformations
of ExFT studied in [57] (and in [58] in the context of double field theory), although here all fields and twist
matrices respect the section constraint, so we remain within the original framework.

,10,



which encodes the combinations of the twist matrix and its derivatives that explicitly enter
the field equations. With the explicit form of (3.19), this current lives in the algebra
5[(2) @ sl(6) with its only non-vanishing components given by

Lo {0440 0
(X )" = (0 _1> ;@ h=( o 10|, (3.21)
0 0-1

all constant, ensuring that the g-dependence factors out from all equations of motion.*

We have thus presented a consistent Scherk-Schwarz ansatz on the ExFT fields which
moreover satisfies the section condition. Upon explicitly evaluating the field equations,
the non-trivial ¥ dependence of the twist matrix induces a deformation of the original IB
equations of motion. We shall work this out in the next section.

3.4 Induced deformation

In this section we will illustrate with several examples how the Scherk-Schwarz ansatz (3.15)
induces a deformation of the resulting field equations which precisely coincides with the
deformation of the IIB field equations and Bianchi identities discussed in section 2 above.
Covariant derivatives in ExF'T carry vector fields AMM and internal derivatives dp;. Under
(SL(2) x SL(6)), the coordinates (3.14) are embedded in the Y as {Y0 Y, }, cf. (3.17).
With the ansatz (3.15), the relevant couplings then are obtained from

A0, = ptp A, 00, A 0T = p 1 p? A 07T (3.22)

Both operators give rise to additional gy-independent couplings. Let us e.g. consider the
covariant derivative on the external metric (3.4). With the Scherk-Schwarz ansatz (3.15),
we obtain via (3.22)

o, : 4 . 4
Dugup =p Q(y) (ngup —2 A/joaiogup - g 80iAuOZ Sup + g A/,L*+ng> . (3-23)

The first three terms on the r.h.s. correspond to the standard ExFT result and upon
translation into the IIB fields contribute to the standard IIB field equations [44]. We will
thus employ the notation

o [ 4
DﬂgVP =p Q(y) <D,U«gVP + 3A#*+gyp> . (324)

The last term captures the effect of the Scherk-Schwarz twist matrix and shows that the IIB
space-time metric acquires non-trivial covariant derivatives which is precisely in accordance
with our discussion above regarding the charged IIB metric (2.8) after transition to the

4Strictly speaking, for consistency of the Scherk-Schwarz ansatz a weaker condition is sufficient: only
the projection of (3.20) onto the 27 @ 351 representation of Eg() appears in the field equations and is
required to be constant. With (3.21) this is automatically guaranteed.
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Einstein frame.® The Riemann tensor whose contraction appears in the Einstein field
equations will thus correspond to the curvature of the modified connection (2.8) as in the
generalized 1IB equations.

In a similar way, we can work out the ExFT field strengths (3.6) under the
Scherk-Schwarz ansatz (3.15). As a general feature of the Scherk-Schwarz ansatz with
consistent twist matrices, the y-dependence of these field strengths consistently factors
out according to

Fu(2,Y) = p @) (UM (G) Fu™ (2,y) | (3.26)
where
FuM(z,y) = Fu™™ + X M (A5 A8 - 2d5N B, N) | (3.27)

describes a deformation of the standard ExFT field strength .7Z“WM by non-abelian terms
carrying the generic structure of five-dimensional gauged supergravity [59] encoded in
an embedding tensor Xy;n" living in the 351 + 27 representation of Eg() . Within the
Scherk-Schwarz ansatz, the embedding tensor is obtained from projecting (3.20) onto the
relevant Eg(g) representations. Again, the form of (3.27) resembles the deformations of
ExFT studied in [57], although here it simply results from a Scherk-Schwarz ansatz within
the original ExFT. Structurewise, the new couplings (3.27) resemble those introduced
in (2.6) in order to account for the deformed Bianchi identities in generalized IIB
supergravity. In the rest of this paper, we will make the agreement precise using the
explicit dictionary between ExFT and IIB fields [44].

Working out (3.6), it follows that the twist matrix (3.18)—(3.19) induces an embedding
tensor

5 2 .
Xun®™ = (Xa)n™ + 3 St o™ (3.28)

in (3.27). Upon contraction with a gauge parameter A it identifies the gauged generators
within eg(6) ® Reromb. The second term in (3.28) refers to the gauging of the trombone sym-
metry under which the ExFT fields {gW, Muyn, AMM, B,WM} scale with weight {2,0, 1,2},
respectively, whose effect we have already observed in (3.24). The first term in (3.28) iden-
tifies the gauged generators within eg), combining the diagonal generators

LA T, 0 0
- LA 0 ~ g Mot g
(AMXM) - (2 w+ (AMXM) = o 1A 0 (3.29)
—A*_ 1 A* ; 6 ‘xt+ 3
sl(2) 5 Nt s1(6) 0 A0+ _% A*+

°To be precise, after identification A, . = By« 4, the factor 4/3 in (3.24) comes via the standard 5 + 5
Kaluza-Klein decomposition

det gap) M2 g + ... Aulga
G — <( et gab) Agbu + pgar) (3.25)
GabAp Gab

of the IIB metric.
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within s((2) & sl(6) with the off-diagonal generators

(AMXM)*+,ij _ (AM XM)H_J* — AW ,
- ~ 1
(AMXa)ijo- = (AM Xap)oij— = — 5 Exijhl AR (3.30)
in egg)\ (s1(6) @ sl(2)). The Stiickelberg-type couplings in (3.27) to the two-forms By, u
are read off from (3.29), (3.30) together with the explicit form of d™VN? in the de-
composition (3.9), see [44]. The explicit result for the various components of the field
strengths (3.27) is the following

o

Jtul/a-l— = Jtp,ui—&- )
]:,uzzaf = ]'o—,uz/af + A[M*J,-Ay} a— A[M*—Au} a+ =+ \/ié,uua* 5

fuyabc = J—i.,uyabc + 2 A[M*+Ay]abc + 27\& Eabedx Buyd_ )
]:,uszr = }—,uu+ + 2A[u *+Au]+ ) (3'31)

with the redefined two-forms

B;U/ab = \/EBuyab + A[MCAV] abe s
- 2
Bwjk’a = \/Epraa + e A[uaAy]ﬁ + \6[ 0B cabede A[,u\b,B|AV]Cd€ ) (332)

Comparing the deformed field strengths (3.31) to the field strengths (2.6) solving the
Bianchi identities of generalized IIB supergravity, we find precise agreement upon iden-
tifying the ExFT components with the IIB field strengths (the precise dictionary between
fields has been given in [44] and in particular takes care of the /2 factors that arise in the
ExFT expressions (3.31)).

Of course, the field strengths (3.31) only represent part of the full IIB field strengths,
in which two of the ten-dimensional indices are chosen to be external. The remaining IIB
components will appear among other ExFT fields. E.g. let us consider the three-form field
strength H,,,, pr defined by (3.7). Evaluating this definition with the above Scherk-Schwarz
ansatz in particular yields the components

Hywp— = ﬁ’quw’f + \@Ouw )

2 ~ 3\/§
Huvpra = Huvpxi + 3A[H| 4| Buplsa T 5 A[M *+|Al,| *,‘Ap] at — 00 Oup . (3.33)
The second and third term of H,,,+« reproduce the corresponding deformation terms
in (2.6). The term O, in (3.33) denotes the undetermined contribution in the field
strength which vanishes under the projection d¥™Ngy in (3.7). In the undeformed IIB
theory, this term is already present in H,,,+; . It arises as an integration constant in the

ExFT field equations and is identified with a component of the IIB four-form according to

3 3
\@Ouw = Clvpx + 9 Biujst| Bup) - — 9 Biujs—Bugl + » (3.34)
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in order to reconstruct the selfdual IIB five-form field strength from ExFT. In the deformed
case we are considering here, the same O,,, arises as part of H,,,— in (3.33) where it
precisely acounts for the deformation of the IIB three-form field strength Fj,,,, see (2.6).
Again we thus find complete agreement.

In a similar way, the deformed scalar currents MM D, M n with the block decompo-
sition (3.10) and parametrization (3.11) can be matched to the corresponding components
of (2.6) in which one of the ten-dimensional indices is chosen to be external. Thus all the
building blocks of the ExFT Lagrangian (3.3) exhibit precisely the deformations of their
IIB counterparts (2.6). Since equations (2.6) were derived as solution of the deformed
IIB Bianchi identities, it follows that after imposing the Scherk-Schwarz ansatz (3.15), the
ExFT fields satisfy the deformed IIB Bianchi identities. Moreover, most of the general-
ized IIB field equations are obtained by covariantization of the standard IIB equations, i.e.
by replacing the IIB field strengths by their deformed expressions (2.6). This is true for
the Einstein field equations (upon taking into account the charged metric in the Einstein
frame, cf. (2.8)) and the self-duality equation Frpnpg = *Frmnpg for the five-form field
strength. Upon using the explicit dictionary between ExFT fields and IIB fields [44] these
equations thus follow from the ExFT dynamics after imposing the Scherk-Schwarz ansatz.
The two-form field equations (2.9) in generalized IIB supergravity on the other hand are
not only covariantized via (2.6) but also acquire a source term J""g. In ExFT, the anal-
ogous term descends from variation of the Lagrangian (3.3) w.r.t. the gauge fields which
upon implementing the Scherk-Schwarz ansatz gives rise to additional source terms from
the Einstein-Hilbert term and the scalar kinetic term.

4 Conclusions

In this paper, we have shown how the equations of generalized IIB supergravity found in [28]
can naturally be obtained from exceptional field theory upon imposing a simple Scherk-
Schwarz type ansatz on all the fields that captures their non-isometric behavior in the ITA
theory. The Scherk-Schwarz ansatz satisfies the consistency equations [56] and moreover
the section constraints (3.2) and induces a deformation of the standard IIB supergravity
equations. We have verified explicitly for most of their components that the deformed ExFT
fields coincide with the deformed IIB field strengths (2.6) which have been determined by
solving the deformed IIB Bianchi identities. The Scherk-Schwarz ansatz straightforwardly
extends to the fermionic extension of ExFT [53]. It should thus also be possible to reproduce
from exceptional field theory the fermionic completion of the generalized I1B equations that
has been worked out in [26]. We should stress that although exceptional field theory admits
a Lagrangian formulation (3.3) this does not allow to conclude the existence of an action
underlying the generalized I1IB equations, since the Scherk-Schwarz ansatz (3.15) is imposed
on the level of the field equations and not on the action. The appearance of a trombone
gauging (3.28) in the ExFT formulation is in fact a sign that the resulting field equations
cannot be obtained from an action [52].

We have in this article embedded the generalized IIB equations into Eg) ExFT. In
principle, the same construction can be repeated for any of the exceptional field theories

— 14 —



upon an appropriate decomposition of the IIB coordinates into external and internal co-
ordinates. If one is merely interested in reproducing the generalized 1IB equations from a
covariant framework, the most efficient framework is the SL(2) ExFT from [60]. In this
case, 9-dimensional covariance is kept manifest throughout the construction and other than
splitting off the 10th coordinate y*, we avoid the split into internal {y*} and external {z*}
coordinates. Here, we have given the embedding into Eg) ExFT since it is this formu-
lation which most naturally carries the AdSs x S° background in the undeformed case.
In particular, in Ege) ExFT it follows from a Scherk-Schwarz reduction ansatz that the
fluctuations around the AdSs x S° background give rise to a consistent truncation of IIB
supergravity to a five-dimensional maximal supergravity theory [56, 61]. It will be very
interesting to check if similarly the ABF background allows for a compact formulation
within Egg) ExFT, combining the Scherk-Schwarz ansatz (3.19) with a deformation of
the Scherk-Schwarz twist underlying the S° geometry and an z*-dependent solution of a
five-dimensional supergravity. In particular, this would allow to address the question of
consistent truncations around the ABF background and be of particular interest in view
of possible holographic interpretations of the deformation. We hope to come back to these
questions in the near future.
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