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ABSTRACT: We rewrite the recently derived cubic action of Double Field Theory on group
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tributions related to the non-trivial background. It is shown that the action is invariant
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the proposed generalized metric formulation of DFTwzw and of original DFT from tori is
clarified. Furthermore, we show how to relate DFTwyzw of the WZW background with the
flux formulation of original DFT.
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1 Introduction

For several years, dualities have became a well established instrument to study fundamental
aspects of string theory and the corresponding low energy effective field theories. Hence,
it is not a surprise that there is a growing interest in a theory called Double Field The-
ory (DFT) [2-9] which makes abelian T-duality a manifest symmetry in the low energy
description of closed string theory. To this end, it seizes the idea [2, 10-13] to double the co-
ordinates of the target space. Adding D additional dual coordinates allows to take winding
excitations of the closed string on a compact background into account. Exchanging wind-
ing and momentum excitations is the mechanism underpinning T-duality on a torus and
thus the doubled target space of DFT permits to capture this mechanism through a global
O(D, D) symmetry. The doubling of the coordinates can be also viewed as introducing
D left-moving and D right-moving closed string coordinates, where the ordinary and dual
coordinates are just the sums and the differences of left- and right-moving coordinates.
However, there are still conceptual questions about the current status of DFT. They
are mainly triggered by the strong constraint which is required for a consistent low energy
formulation. The strong constraint is a consequence of the toroidal background used in



the original derivation [3] and it states that winding and momentum excitations in the
same direction are not allowed. Violating the strong constraint, it is impossible to choose
a torus radius in the corresponding direction to make all fields much lighter than the
string scale. Either momentum or winding modes are heavier than the first massive string
excitations and spoil a consistent truncation. On the other hand, applying the strong
constraint identifies DFT with the well studied NS/NS sector of SUGRA. Thus, except
for an effective rewriting, it does not give any new physical insights. Moreover, such a
rewriting is also available in terms of Hitchin’s generalized complex geometry [14, 15] which
is an appropriate replacement for DFT in this case. The situation is more intriguing, but
unfortunately also more speculative, if one weakens the strong constraint. In this case
so called non-geometric backgrounds [12, 13, 16, 17] arise. They are partly inspired by
generalized Scherk-Schwarz compactifications which give rise to gauged supergravities not
accessible by flux compactifications from the SUGRA regime [11, 18-23]. Some of these
backgrounds have an uplift to string theory in terms of left-right asymmetric orbifold
constructions [11, 23-25], but in general their fate is unknown.

In order to improve this situation three of the authors proposed an alternative theory
with a doubled coordinate space called DFTwzw [1]. It originates from tree-level Closed
String Field Theory (CSFT) calculations up to cubic order in the fields and leading order
of o/ on a group manifold.! This theory is governed by a Wess-Zumino-Witten model
on the worldsheet. In DFTwzw the doubling of the coordinates basically refers to the
left- and right-moving currents of the WZW model on a group manifold. Interestingly, it
turned out that this theory does not reproduce all results known from original DFT: the
strong constraint, the gauge transformations and the action receive corrections from the
non-trivial string background. Furthermore, the closure of the gauge algebra only requires
the strong constraint for fluctuations, whereas the weaker closure constraint is sufficient for
the background fields. In this way, one can obtain a consistent tree-level description of non-
geometric backgrounds. All these properties suggest that DF Twzw should be considered
as a generalization of original DFT. However, a direct comparison between the two at cubic
level seems to be impossible. Therefore, in this paper we derive the full generalized metric
formulation of the theory. Let us summarize our results in the following.

The resulting action to all orders in the fields reads

S = /dXZDeQdR, (1.1)
where d denotes the generalized dilaton and R represents the generalized curvature scalar

R = AHIV YV d — V V HY — a1 1dV jd + 4V 1dV yHT
(1.2)

1 1 1
+ §HKLVKH1JVL”H” — §HUVJ”HKLVL”H1K + 6EKL}«?,KL%”

of DFTwzw. It incorporates the generalized metric H!/, the covariant derivative

V[VJ = 8]VJ + F]KJVK (1.3)

IPrevious works on duality manifest actions on group manifolds include [26].



and the structure coefficients F7yx of the group manifold. Both the connection appearing
in the covariant derivative and the structure coefficients are determined entirely by the
background. In this sense, the theory presented here is manifestly background dependent.
As we will discuss in section 5, this is not a contradiction in being a generalization of DFT
which is background independent once the strong constraint is invoked. We show that the
proposed action (1.1) is invariant under the generalized diffeomorphisms

S = LeH!T = NV H! + (VA — VEA)YHE 4 (VI Ak — VA YHIE
1
Qd:ﬁ@:gk@d—§Vﬁﬂ (1.4)

where L¢ denotes the generalized Lie derivative of the theory. In all calculations, we assume
the strong constraint

Vol =0 (1.5)

to be fulfilled for the generalized dilaton d, the generalized metric HAZ, the parameter £4
of the generalized Lie derivative and arbitrary products of them. The strong constraint
only applies to quantities in flat indices. To switch between curved and flat indices the
generalized vielbein E4” of the background is used. Additionally, we also apply the Jacobi
identity

FrMEyg™ + F ™ Fars™ + Fyg™ P =0 (1.6)

for the structure coefficients of the background. Besides generalized diffeomorphisms, (1.1)
is manifestly invariant under 2D-diffeomorphisms

S¢Ba’ = LeEa! = ¢70,E4" — Ea’0,¢" (1.7)

5£672d — Lgef2d _ fPéPede + 672d8]é~17

with L¢ denoting the ordinary Lie derivative. In view of this, DFTwzw seems to imple-
ment a non-trivial extension of the DFT gauge algebra as proposed by Cederwall [27, 28].
Still, there exists an important difference. Whereas Cederwall considered only torsionless
covariant derivatives, the covariant derivative (1.3) exhibits a torsionful connection.

One of the objectives of this paper is to clarify the relation between background de-
pendent DFTwyzw and original DF'T. We will succeed to identify DFTwyzw with the gener-
alized metric formulation of DFT [29] under two special assumptions: first, a distinguished
generalized vielbein which fulfills the strong constraint of DFT is required and second an
extended strong constraint

orbdlf =0, (1.9)

linking background fields b and fluctuations f, has to be imposed. It is important to
note that this constraint is totally optional in the framework of our theory. Hence, it is
reasonable to suspect that there exist valid field configurations in DF Tywzw that go beyond
DFT. This statement even holds, if the background group manifold is purely geometric or
T-dual to a geometric one. Identifying the two theories under the assumptions mentioned
above, we confirm the background independence of DFT suggested in [5]. This background



independence is a result of the very restrictive strong constraint in DFT which renders it
equivalent to SUGRA.

The organization of this paper follows the outline given in the last paragraph. After
a short review of the DFTwyzw cubic action and the required notation, section 2 presents
the generalized metric formulation of the action and its gauge transformations. Section 3
discusses the equations of motion of this action. Further, it derives the generalized curva-
ture scalar and the generalized Ricci tensor. In section 4, we prove the invariance of the
action under generalized diffeomorphisms and 2D-diffeomorphisms. At last, we show the
equivalence of our theory and original DFT in section 5. A small outlook, discussing the
potential and possible applications of DF Twzw concludes the paper in section 6.

2 Generalized metric formulation

Starting from the results derived in [1], we derive the generalized metric formulation of
the DFTwzw action in this section. As a preliminary, subsection 2.1 reviews the most
important aspects of the cubic action derived in [1] and introduces the required notation.
Although already discussed in [1], we shortly present the gauge transformations and the
C-bracket governing the gauge algebra in subsection 2.2 before discussing the new results
for action in subsection 2.3.

2.1 Review of cubic action and notation

The cubic action and gauge transformations were derived at the leading order of o’ from
CSFT in [1]. The starting point are fields ¢® that can be considered as fluctuations around
the WZW background. The indices a and b refer to the adjoint representation of the
corresponding group G, x Gg. In addition we also introduce gauge parameters A\* and \%.
In contrast to the toroidal case, one does not consider momentum and winding modes but
one considers different representations R = (r;,,rp) of Gr, X Gr. Here, we do not use the
form stated in [1], but instead perform the field redefinition

¢ 5 9¢ab  N@ 5 903a and AT 5 2)\@ (2.1)
giving rise to
(2x%)8 = / *PX\/|H| [ea,—, Oe® + (Dbe,;)? + (D%,;)? + 4d D*DPe,; — 4d0d
—2€,3 (D“ecj Dbecd D%z Db _ peead DEECCZ)
+ 26, (Facd Deedb €os + FEEJ Deead Eea) + ;Face bdf €ab €od €cf
+d(2(D%,5)*+2(D%5)? + (Deyy) >+ (Dee g)? +4€™ (D Dee j+ Dy D€y
— 8e,;d D*Dbd + 4d20d

with the abbreviation
0= =(DaD" + Dz D%) (2.3)



and the corresponding gauge transformations
Gae™ = — DPAC 1 DIND — DATED 4 ACD e 1+ Fa yeD
— DN 4 DPAe™ — DAPE™ + ADe® + FP_\C e (2.4)
oxd = — %Dav + X\ Dd — %Daka + X D.

Besides, further rescaling in the definitions given later in this subsection, this field re-
definition helps to get rid of a 1/2 factor which arises in [1] between the DFT and the
DFTywzw results. To allow a clear distinction between background fields and fluctuations,
we have changed the notation of [1]. Now, d denotes fluctuations of the generalized dilaton
d = d + d which combines the background field d and the fluctuations. As a consequence
of level-matching in closed string theory, the fields €, d and the gauge parameters A\, and
Ag have to fulfill the strong constraint

(D,D* — DzD%)- =0, (2.5)

where - not only denotes the mentioned field but also arbitrary products of them.

On the world sheet, the theory is governed by a CFT with two independent, a chiral
(left mover) and an anti-chiral (right mover), Ka¢-Moody current algebras. The structure
coefficients of their central extensions gy, X gr are denoted by Fy,¢ and F,;°. Bared and
unbared indices allow to distinguish between the algebras for the left and right moving
part of the closed string. These indices run from 1...D, the dimension of the group
manifold used as background. The integration in (2.2) is performed over a product manifold
combining the Lie groups G1, X GRr associated to the Lie algebras gr, X gr. This manifold
is parameterized by the 2D coordinates X! = (! :L'Z) and is equipped with the metric

ab
Sap =2 a0 and its inverse S4B = L 25 (2.6)
0 745 2\ 0m

in flat indices. It combines the killing metrics 1,5 / 155 of the Lie algebras gy, / gr which
are used to lower flat indices. Moreover, it is very convenient to introduce the vielbein

0 6@7'

%

7 et 0 L A e’ 0
Ey = = and its inverse transposed E“1 = 0 i (2.7)

e
in order to switch between flat and curved indices. Applying it on the partial derivatives
dr = (0; ;) of the background manifold G, x G, it gives rise to the doubled flat derivative
Dy = Es'0r = (D, Dg). (2.8)

Finally Hrjy, whose determinante H is used in (2.2), is defined as the curved version

H;; = E4SAagEB; (2.9)

of Sap. As a consequence of the rescaled flat metric Sap, Hyy differs by a factor 2 from
the definition in [1]. To keep the action integral (2.2) invariant, one has to perform the



compensating change of variables X! — X! /v/2. Besides the background metric Ssp in
flat indices, it is convenient to introduce the metric

Tlab O . . AB 1 nab 0
nNap =2 and its inverse n°° = = T 2.10
( 0 _77al_;> 2 < 0 _77ab ( )

to lower and raise doubled indices. In combination with the doubled flat derivative (2.8),
it e.g. allows to express the strong constraint (2.5) in the compact form

napDaDp-=D,D* =0. (2.11)

2.2 Gauge transformations

Switching from the notation with bared and unbared indices to doubled indices, generally
simplifies the equations in DFTwyzw a lot. In this respect, the strong constraint (2.11) is a
toy example. More drastic is the effect on the gauge transformations (2.4). In order to ex-
press them in doubled notation, we follow [1] and introduce the symmetric, O(D, D) matrix

1 1
HAB = exp(eAB) = 4B 4 4B 4 §EACSCD6DB + EGACSCDEDESEFEFB +..., (212

called generalized metric. It is generated by

AB 0 6QB : ab T\ba
el with €* = (e' )", (2.13)

which embeds the fluctuations €® into a tensor with doubled indices. Furthermore, we
define the flat covariant derivatives

1 1
VAVB = DAVB + gFBACVC and VAVB == DAVB + gFBACVC ) (214)
where
Fabc
FABC — F&BE (215)
0 otherwise

combines the structure coefficients defining the Ka¢-Moody algebras for the strings left and
right moving parts. At this point, let us recall the conventions from [1]: Dy, Fyug% and
&4 are considered as “fundamental” objects, meaning their bared and unbared components
do not receive additional minus signs or prefactors. From these quantities all others are
derived by raising/lowering the doubled indices with the n-metric. A simple example is

¢h=(¢" ¢ and &4 =E"npa= (26 —2%). (2.16)
Now, we expand the generalized metric (2.12) into components

HAB ( %nab + 6aEnEJ€db 6ab + %eaénajedenefefb

cab + % eacnc J Edénéfefb %nab + Eac??cd cdb

>+OM) (2.17)



up to cubic order in the fields. Plugging this expansion into
SeHAP = LHAP = XOVHAP + (VAN — VoA YHOP 4 (VPAe = VeAP)HAC
~ ~ ~ 1
¢d = Led = €D yd — 5DAgA : (2.18)

one recovers the gauge transformations (2.4) up to additional terms which are not linear
in the field or the gauge parameter. The same holds for the C-bracket

61, &)6 =P Ve — %513 VAL —(142). (2.19)

2.3 Action

In this subsection, we rewrite the action (2.2) in terms of the generalized metric. The
guiding principle is inspired by the results for the gauge transformations and the C-bracket
discussed in the last subsection: in the expressions known from traditional DFT, one has
to substitute partial derivatives by covariant derivatives (2.14). Taking into account the
original DFT action in the generalized metric formulation [29] and following this principle,
the action should read

1 1
S = / d2”X6_2d<8HCDVcHABVDHAB - §HABVB”HCDVDHAC
— 2V 4dV gHAB 4+ AHABVY 4dV Bd> . (2.20)

Subsequently, we prove that, up to cubic terms in the fields, this action indeed repro-
duces (2.2) up to a missing term that has to be added to (2.20). To keep this straightforward
though cumbersome calculation as traceable as possible, we begin with terms containing
two flat derivatives like e.g.

1
e‘2d§HCDDc’HABDDHAB. (2.21)

We further simplify the calculation by first considering the term

1
§SCDDCHABDD’HAB, (2.22)
which gives rise to
1 1 5 & ab
§SCDDCHABDDHAB =5 (DceagDceab + DEEQI;D%“”) +0(eh
= eal—)Deal_’ - eagDcJDceag — ea;)DécZDEe“E + O(eh, (2.23)

after plugging in the components of 4 and HAB, according to (2.6) and (2.17). From
the first to the second line in (2.23), we perform integration by parts by applying the rule

/dQ”Xe_QduDav = — /dQ”\/ |H|e_2d~(—2uDaJ—|— Dyu)v

= /dZ”XeZd(QuDaci— Dyu)v. (2.24)



It automatically arises, if one splits the generalized dilaton
. 1 .
d:d+d:—§log\/|H|+d (2.25)

into the background part d and the fluctuations d around this background. Performing
integrations by parts again and dropping the terms in quartic order in the fields, we obtain

1 o~ ~ ~ 7 .
§SCDDC7-[ABDDHAB = eal;Deab—l—d(Dceag)2+d(D56a5)2—|—2d €30 +0(eY) + O(d?e?) .

(2.26)
Now, it is straightforward to read off the remaining terms of (2.21), namely

e_Qdé”HCDDCH ApDpHAP = \/ﬁ[%mgab — 2¢“Dee D e + d(Deey)” + J(DE%)Q] :

(2.27)
Here and in the following, O(...) is suppressed for brevity. The last term in (2.26) cancels
against a term arising in the expansion of

e 2 = \/IH|(1-2d+2d* +...). (2.28)
Next, we turn to the term
1
—~ §HABDBHCDDDHAC (2.29)

for which the calculations are more cumbersome. Using the commutation relations for flat
derivatives
[Daq, Dy) = Fup°De,  [Da, D] = F33°De (2.30)

a

and performing integration by parts, we finally obtain the result

—e’2d%HABDBHCDDDHAC = VIH]|[(D%)" + (Dle )’
— (Fd“chedEeal; + FjaaDgeb‘zeba) (1- QJ)
+2de® Dy D, — 2dD, D™ ; — 2dD ™ Dye,;
+ 2J6azDgDéea5 — QCZDBDéﬁaBEa@ — QCiDEeaBDgem—;
+ 2€,5(D % gD%® + D Dle, —)} . (2.31)
All remaining terms in the action (2.20) contain covariant derivatives acting on the gen-

eralized dilaton d. Its background part d is covariantly constant and the fluctuations d
transform like a scalar. Thus, we are able to identify

Vad = Dad. (2.32)

In combination with the expansion (2.17) of HAE, this identity gives rise to

AH*B D 4dDpd = 2DdDd + 2D3d D + 8¢ D,dDyd . (2.33)
Taking into account the prefactor e=2¢, we obtain
e 2UNAB D 4dDpd = \/[H|[ — 4d0d + 8¢® DodDyd + 44°00d) (2.34)



where we applied the relation
VH4d*0d = VH( — 4dD,dD"d — 4dD;dD"d ) . (2.35)
The last term in (2.20), which contains two flat derivatives, gives rise to
—e~29D \dDHAB = \/|H| [4dDaDgea5 — 8¢ D,dDyd — 8de* D, Dyd
+2d(D%,5)° + 2d(DPe,;)* + 2de*® Dy D€ + 2de®™ Dy D%
+2dD® Dye ; + 2dD% Dyeqz + 2dDo D e
+2d(Dy D% ey (2.36)

Now, we are done with all terms required for the abelian case Fapc = 0. Hence, it is a
convenient check of the results obtained so far to write down the complete abelian action

CI—— / d>" X \/|H]| [GQBDE"E + (D%;)” + (DPey;)” + 4dDy Dye® — 4d00d
— 2€,3 (DaeCJDl;eCCZ — DaecJDJeCB — DceaJDBeCJ)
+d (2 (D) +2(DPey)’+ (Deeys)”+ (Dacyy)” +4e (DaDceal;+D5DEea5)>
+4d?0d — 8dea5DaD,;d] . (2.37)

It indeed matches with the action (2.2) after dropping all terms depending on the structure
coefficients Fyp. and Fj..

Let us now consider these terms so that we have to consider the full covariant derivative
instead of only using its flat derivative part. Let us start with

OV AV pHAB = _DACZ(DBHAB n %(FABCHCB n FBBOHAC))

= —DadDpH"", (2-38)

where the second term in the first line vanishes due the total antisymmetry of Fapc and
the symmetry of #AB. The third term is zero due to the unimodularity condition

FA,=0, (2.39)

which the structure coefficients have to fulfill [1]. At this point, we come to the more
challenging part

1 1
§H0DVCHABVDHAB - §HABVB”HCDVD”HAC. (2.40)

In the subsequent computation, we ignore all terms which contain more than one flat
derivative, because we already discussed these contributions above. The first part of (2.40)
gives rise to

1 1 1
§HCDV0HABVDHAB = EHCDDCHABFADEHEB + EHCDFACFHFBDDHAB

1 1
+ %HCDFACFHFBFADEHEB + %'HCDFACF,HFBFBDEHAE + O(D?),
(2.41)



where the second term on the right hand side is equivalent to
HCDFACFHFBDDHAB = HCDFADEHEBDcHAB , (2.42)

after using the symmetry of H4%Z and relabeling the indices. For the fourth term, we use
the total antisymmetry of the structure coefficients to yield

HCDFACFHFBFBDE'HAE = —FACEFBDFHAB%CDHEF . (2.43)

Applying these two substitutions, (2.41) simplifies to

1 1 1
§7-LCDVCHABVDHAB = EHCDDC’HABFADE’HEB + %HCDFACFFADEHFB”HEB

1
— %FACEFBDF’HABHCDHEF + O(Dz) . (2.44)

For the second part of (2.41), we obtain in a similar fashion

1 1 1
—iﬂABvB’HCDvD%AC = §HCDDCHABFADEHEB — EHABDB’HCDFCDE’HAE

1 1

1
+ TSHCDFACFFADEHFB’HEB +0(D?). (2.45)

After combining these results, we finally get
e 2 [;%CDVCH ABVpHAE — %’HABVBHCDVD’H Ac
=/ |H| [26(11; (F“CdDéedl_’ecé + FBEJDee“d_eeg) + %FaceFMf-e“Eecgeef
- é(Fachdeeaéebé + FO gFe.qe) (1 — 2d) + O(D?)| . (2.46)

The first line on the right hand side exactly reproduces the structure coefficients dependent
terms in the cubic action (2.2), but the second line has to be canceled to successfully
reproduce the action. Achieving this is done by adding the term

%FACEFBDFHAB??CDWEF + Vo = é(Fachdeeaéﬁbé + FaggFgE’jeeafeB) (2.47)
with
Vo = — é FacpFpppSABsCDgEF
= —iFACEFBDFSABnCDnEF + %FACEFBDFSABSCDSEF (2.48)

to the naive action (2.20). To obtain the second line in the expression for Vj, we applied
the identity

FaceFpprSPSPY = FucpFpprn©Pnft (2.49)

~10 -



which holds due to the strict separation of bared and unbared structure coefficients (2.15).
Substituting the structure coefficients Fapc by the covariant fluxes Fapc, Vo matches the
vacuum expectation value of the scalar potential arising from generalized Scherk-Schwarz
compactifications [19, 30]. Note that even though we do not impose the strong constraint
on the background, Vj lacks the 1/6F4pcF ABC introduced by hand in the flux formula-
tion [20, 31] in order to reproduce the scalar potential of half-maximal, electrically gauge
supergravities [32]. If we consider the full 2D-dimensional doubled space time instead
of only its 2n-dimensional compact subspace, Vj has to vanish for each background which
gives rise to a well defined CFT. Otherwise the combined central charge of the ghost system
and the bosons would not vanish.
We close this section with the complete action of DF Twzw

1 1
S = / dQDXe_2d<8HCDVcHABVDHAB — §%ABVBHCDVD%AC
. (2.50)
— OV 4dV g HAP + AHABY 4dV pd + 6FACDFBCD%AB) 7

in the generalized metric formulation. For obtaining the action in curved indices, one has
to remember the vielbein compatibility condition V;FE 47 = 0 of the covariant derivative.
Due to this condition it is legitimate to simply substitute all flat indices with curved ones.

3 Equations of motion

After deriving the full action of DF Twyzw in the last section, we now discuss its equations
of motion. It is convenient to split them into two independent parts. First, we present the
variation of the action (2.50) with respect to the generalized dilaton d in subsection 3.1.
It gives rise to the generalized curvature scalar R. Furthermore, we show how the action
can be rewritten in terms of this scalar. In the second step, we perform the variation with
respect to the generalized metric HA? in subsection 3.2. Just as in the generalized metric
formulation of DFT [29], we have to apply an appropriate projection, taking into account
the O(D, D) property of the generalized metric, to obtain the generalized Ricci tensor Ry .

3.1 Generalized curvature scalar

Following [29], we define the generalized scalar curvature R of DF T'wyzw using the variation
of the action (2.50)

68 = —2/d2DX62dR5d, (3.1)
with respect to the generalized dilaton d. A straightforward calculation gives rise to

R = AHABY 4V gd — VAV g HAB — AHABY 4d V gd + AV 4d V g HAB
(3.2)

1 1 1
+ §HCDVCH AV pHAB — §HABVBHCDVDH ac + EFACDFBCD’HAB .

In order to prove the invariance of the action (2.50) under generalized diffeomorphisms in
the next section, it is very convenient to express it in the form

S = / PPX e MR . (3.3)

- 11 -



To this end, we rewrite (2.50) as
S = / PPX e IR + / d*PX \/|H| D4 [6*2‘5 (VHAP — 4HABde)} : (3.4)

where the last term is a vanishing boundary term. Due to the compatibility of the covari-
ant derivative with the generalized vielbein, it is trivial to express the generalized scalar
curvature in curved instead of flat indices. One only has to relabel the indices to obtain the
desired result (1.2) stated in the introduction. The generalized dilaton part of the equation
of motion reads

R=0. (3.5)
3.2 Generalized Ricci tensor
Now, we consider the variation of the action (2.50) with respect to the generalized metric
HAB. In analogy to (3.1), we consider

68 = / PP X e 21 §HAP Ky (3.6)

As discussed in [29], the variation §HAP is symmetric and thus it is sufficient to study
the symmetric part of X 4p only. Performing the variation explicitly and afterwards sym-
metrizing K op gives rise to
1 1
Kap = gVAHCDVBHCD 4 (Vo = 2(Ved)|HOPV pHap +2V(aVip)d (3.7)
— VuH PV pHp) o + [V — 2(Vpd)| [HOPV utp)c + HE (aVeH 5]

1
+ EFACDFBCD.

Furthermore, the O(D, D) constraint

has to be preserved under the variation [29]. This implies that only a certain projection
of Kap gives rise to the equations of motion. Hence, it is necessary to introduce the
projection operators

1 _ 1
PAB = 5(77,43 — SAB) and PAB = 5(77AB + SAB) ’ (3'9)

which are used to define the generalized Ricci tensor
Rap = 2P 4" Pg’Kep - (3.10)

This projection cancels the term in the last line of (3.7). Thus, we find a generalized Ricci
tensor whose structure matches the one of toroidal DFT. However, all partial derivatives
have to be replaced with covariant ones.
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4 Local symmetries

The CSFT derivation of DFTwzw in [1] was very challenging. The recasting of the action
and the gauge transformations in section 2 is a good, first indication that everything is
consistent: all the different terms with bared and unbared indices integrate nicely into
doubled objects. However, a much more important consistency check is the invariance of
the action (2.50) under the gauge transformations (2.18). If all previous calculations were
performed correctly, the CSFT framework guarantees this invariance up to cubic order in
the fields. As we will show in subsection 4.1, it even holds to all higher orders introduced
by the generalized metric formulation. Besides generalized diffeomorphism invariance, the
action is also manifestly invariant under 2D-diffeomorphisms, as we prove in subsection 4.2.

4.1 Generalized diffeomorphisms

It does not matter whether one proves the invariance under gauge transformations for
the action (2.50) or (3.3). Both only differ by a vanishing total derivative. We choose
the latter one, with the generalized curvature scalar R. Proving its invariance, requires
two step: first, we show that R transforms as a scalar under generalized diffeomorphisms.
Second, we consider the remaining term e~ 2? and show that it transforms as a weight +1
scalar density.

In order to show that the generalized curvature (3.2) is a scalar under generalized diffeo-
morphisms, we have to compare its transformation behavior under gauge transformations
with the results we expect from generalized diffeomorphisms mediated by the generalized
Lie derivative. The failure of a quantity V to transform covariantly under generalized
diffeomorphisms reads

AV =6V — LV, (4.1)
where L¢ is the generalized Lie derivative
LeVA=eBVpvA + (VA — Vet VP, (4.2)

with the usual generalization to higher rank tensors. J¢ denotes the gauge transforma-
tions (2.18) discussed in section 2.2. From the definition (4.1), it is obvious that

AcHAP =0 and Agd=0 (4.3)
hold. Furthermore, A¢ is linear and fulfills the product rule
Ae(VIV) = (AV)W + V(AW). (4.4)

Please note that the gauge transformations ¢ act on the fields HAB and d only, whereas
the generalized Lie derivative L¢ acts on the full tensorial structure. As an instructive
example take e.g.

Ag(DaHPC) = 6¢(DaHPC) — Le(DaMPC) = Da(LHPC) — Le(DAHPC) . (4.5)
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We now calculate A for all sub-terms appearing in the generalized curvature
scalar (3.2). Finally, we combine these results, using the product rule and the linearity of
A¢ to compute A¢R. We begin with

~ 1
A¢(Vad) = Ag(Dad) = =D (DpeP), (4.6)
and since
HMNY Vyd = HMN Dy Dyd (4.7)
holds, we only need to consider

A¢(DaDpd) = (DaDpE”)Dpd — %DADB (DpeP) + Fpp© (D 4gP) (Ded) (4.8)

Furthermore, we obtain

2
A¢(VaHPC) = 204D PepHOP = 204D PHOP 4+ ZF P 4p HOP (DEgD — DD§E>

4 2
+ §F(BDEHC)EDA€D + gF(BDEHC)EDDfA

2 2
+ gFDAE (DpgBYHOE gFDAE (DBep)HOE (4.9)
and
Ae(VaAVEHAD)
2 4 1
= FaceF" o€  DPHAY + S FacpF® ppH P DY — s FacpHAP DpDOE"
1
+ %FACEéADCDF”HEF + ?OFACEHABDCDBgE + 2Fscp DAY DpHPF
2
+ FacpD*HPEDpg” — S Facpe" DpDHPY — DaDpe” Do™?
2
— 2DAHABDeDREC — 2HABDEDADREC + EFACEFBDFFEDF HECeA | (4.10)
On the right hand side, we canceled all terms of the form
Fapc(DP-)(DY ) = (D -)([Da,Dp]-) =0. (4.11)

They vanish due to the strong constraint (2.11). Combining these results, we are finally able
to calculate A¢ of the naive generalized Ricci scalar (3.2) without the 1/6FacpF. s CDHAB
term. It is denoted as R and its failure to transform as a scalar under generalized diffeo-
morphisms reads

~ 1
ar =i

1 1
5 ~FaraFoarFenpp — - FacuFrriFa™ ngp

3 3

- FABHFCDFFEGH> HBCHPEQFGeA

1 1
+ ZFacpFOP s HABDREY + ZFpacpFOP pHABDE¢p

3 6
1
+ 6 (FIAGFGC’D + ForgFCap + FACGFGID)HBC’HDEﬁADEHFI

1
+ FacpDA¢p DOHPP — §FAC’DDAHBDDB£C + FacpHAPDPDC%p

1 1
- 5FACDW‘BHEFDFgDDC”HBE + §FACD’HABHEFDC§EDDHBF. (4.12)
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Here, we ordered the terms according to the number of derivatives. All terms with three
flat derivatives vanish in the same way as they do for toroidal DFT [29]. The third line
of (4.12) vanishes due to the Jacobi identity

FapPFrc? + FoaPFrpP + FpcP Fpa? = 0. (4.13)

Additionally, one is able to rewrite the first line as

%HAB{G (FEAPHPF + FFAPHPE> (FBJ(EFG’HJ + Fe" FFypy + FHJ(EFBGJ>HF)H )
(4.14)
showing that it is zero due to the Jacobi identity, too. Simplifying the remaining terms
in (4.12), we make use of the O(D, D) property

HapHPC = 6,C  and following from it DpHapHPC = —HpDpHPC,  (4.15)

which gives rise to

- 1 1
A¢R = §FACDFCDEHABDB§E + EFACDFCDE%ABDEﬁB (4.16)

1
+ §FACDDA§BDCHBD + FacpH*PDPDC%p .

Further, due to the antisymmetry of the structure coefficients we identify

1 1
FacpHAPDPD%p = §FACD7'[AB [DP,D)ép = §FACDHABFDCEDE§B

1
= —§FACD/HABFCDEDE§B (4‘17)
and obtain
| 1 1
AgR — gFACDFCDEHABDBé.E . gFACDFCDEHABDEgB + iFACDDAfBDCHBD )
(4.18)
The last term vanishes under the strong constraint (4.11) and
-1
A¢R = §HABFAC,;,FECD (Dpe” — DP¢p) (4.19)
remains. This non-vanishing failure of R to transform like a scalar should be canceled by
the term
1
EFACDFBCDHAB (4.20)

that we have not taken into account yet. Indeed, A¢ applied on this term gives rise to
1 1
54 (FacpFpCPHAP) = —§HABFACDFECD(DB§E — DP¢p) (4.21)

after remembering é¢Fapc = 0 (gauge transformations act on fluctuations only, but not
on background fields [1]). Ultimately, we obtain the desired result

-]
Ag'R = Ag'R + EAé (FACDFBCDHAB) =0 (4.22)
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which proves that the generalized curvature scalar 3.2 is indeed a scalar under generalized

diffeomorphisms.

In addition to R, we have to check the transformation behavior of the factor e 2¢ in

the action (3.3). To this end, we first rewrite the generalized Lie derivative of the dilaton
fluctuations (2.18) in terms of covariant derivatives

- -1 ~ 1 1
Led =€V ad — 5V ag" = €4 Dad — S Dag — (FAap¢”, (4.23)

where the last term vanishes due to the unimodularity of the structure coefficients. Next,
we consider

dee 2t = —2e725cd = —2e7 2 Led, (4.24)

where we take into account that the background field d is not affected by gauge trans-
formations. With L¢d written in terms of covariant derivatives, it is trivial to switch to
curved indices. Doing so and plugging in (4.23), (556*2‘1 reads

dce > = lore™ e (V! + ¢h201d) = M ore ™ eV g - Ty
= ¢fore™ + e 20, ¢" (4.25)

after identifying
20rd = —T ;17 (4.26)

as explained in [1]. Thus, we see that e~2? transforms like a scalar density with the weight
+1 and the integral over the product e 2%R, which is equivalent to the action, is invariant.

Besides the action, the generalized Lie derivative (4.2) transforms covariantly under
generalized diffeomorphisms. Indirectly, this property has already been proven by showing
the closure of the gauge algebra

[£§1,£§2]VA = ﬁ[gh&]cVA (4.27)
in [1]. However to make it more explicit, we consider
ALV = Le(LAVA) = Lo VA = La(LeVA) =0. (4.28)
In combination with (4.27) it vanishes
ALV =Ly VA= LraVA=0 (4.29)
after rewriting the C-bracket
1
(€6 = LA = SV (EAT) (4.30)

in terms of the generalized Lie derivative and the trivial gauge transformation
—1/2VI(E 0.
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4.2 2D-diffeomorphisms

Besides the generalized diffeomorphisms discussed in the previous subsection, one can
change the coordinates parameterizing the fields of DFTwzw through the standard Lie
derivative. This gives rise to 2D-diffeomorphisms under which the action (3.3) is even
manifestly invariant. In order to prove this claim, we follow very similar steps as in sub-
section 4.1. However, in this case we will not apply the strong constraint in any of the
following steps.

Again, we start by introducing the failure

AV =6V — LV . (4.31)

of an arbitrary quantity V to transform covariantly. Here, we use the standard Lie deriva-
tive L¢ instead of the generalized Lie derivative. The transformation behavior of the
generalized vielbein E4! and the generalized dilaton fluctuations d is given by

0eEal = LeEa' = €70;E4" — Ea70,¢"  and (4.32)
d¢d = Led = €6 pd. (4.33)

From these two equations, we see that E4! transforms as a vector and d as a scalar under
2D-diffeomorphisms. Next, we check the failure

Ag (V]VJ) = Ag (8[VJ) + A£ (FJ[L) v (4.34)

of the covariant derivative
ViV =0V 4+ T 'VE (4.35)

to transform as a covariant quantity. Being called a ‘covariant’ derivative, this failure
should vanish of course. We start by calculating the first term in (4.34) and obtain

Ae(0V7) = —VvEorore’ . (4.36)

The second terms is a bit more challenging. In order to evaluate it, we need the definition
of the Christoffel symbols

T % = —é(ZQUK +Q55), (4.37)
where Qi denotes the coefficients of anholonomy
Qrjx = EAEP JEC kQuape = —01E* jEAk (4.38)
in curved indices. With these definitions at hand, one obtains
AN = 070,65 and finally A5 = 0;0,¢K . (4.39)
Thus, (4.34) gives rise to the expected result
Ae(ViVT) = —VE0kor¢! + vEo0¢” =0 (4.40)

and V7 is indeed a covariant derivative under 2D-diffeomorphisms.
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Even though we have shown the vanishing A¢ of a covariant derivative applied on a
vector, this result generalizes to arbitrary tensors. Especially, the failures

Ae(ViHE) =0 and Ag(Vid) = Ag(0rd) =0 (4.41)

vanish. The last ingredient in the definition of the generalized curvature scalar (3.2) are
the structure coefficients Frjx. Fortunately, their failure to transform covariantly

AcFr™ =20 7% = 00765 =0 (4.42)
vanishes, too. Applying the linearity and the product rule of A¢, we immediately obtain
Ag(e2R) =0, (4.43)

which proves that the product e~2IR transforms as a scalar under 2D-diffeomorphisms.
For the action (3.3) to be invariant, the remaining factor e=2¢ has to transform as a weight
+1 scalar density. Indeed, we have

e 2 = \/|H| (4.44)

which exactly transforms in the right way. Hence, the DFTwzw action exhibits a manifest
2D-diffeomorphism invariance.

Containing covariant derivatives only, the generalized Lie derivative (4.2) transforms
covariantly, too. Hence, it fulfills

ALAVA=0. (4.45)
Rewriting this equation, we obtain
ALAVA = Le(LAVA) = L VA = LA(LVA) =0, (4.46)
giving rise to the algebra
[Le, LAV = L\ VA (4.47)

which links 2D-diffeomorphisms and generalized diffeomorphisms. Equipped with this al-
gebra, our theory implements an extension of the DFT gauge algebra proposed by Ced-
erwall [27, 28]. However, there are some important differences we would like to comment
on. Cederwall considered a covariant derivative without torsion on an arbitrary pseudo
Riemannian manifold in order to define a generalized Lie derivative formally matching the
one of DFT'wyzw. Applying the Bianchi identity without torsion

Rim" =0 (4.48)

he shows in full generality that the gauge algebra closes. We consider a torsionful covariant
derivative on a group manifold, a very special case of a pseudo Riemannian manifold.
Interestingly, the Bianchi identity with torsion

2
Ry +V Ty =T 1T i = §(FIJMFMKL+FKIMFMJL+FJKMFMIL) =0
(4.49)
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reproduces on the group manifold the Jacobi identity which we used to show the closure
of the DFTwzw gauge algebra and the invariance of the action under generalized diffeo-
morphisms. Thus, one is inclined to conjecture that the whole formalism presented here
is not limited to a group manifold as background but could hold for arbitrary pseudo
Riemannian manifolds.

5 Transition to original DFT

Assuming a geometric group manifold as background, in this section we study the connec-
tion between DFTwzw and the original formulation. A link between them was already
conjectured in [1], but no explicit calculation has been provided yet. Now, with the gen-
eralized metric formulation available, we prove that under an additional constraint both
theories can be identified. For that purpose, first we introduce a distinguished generalized
vielbein in subsection 5.1. Afterwards, we discuss an additional constraint that links the
background fields with the fluctuations around it. We call it the extended strong con-
straint. As subsection 5.2 shows, this constraint allows us to identify the covariant fluxes
Fapc of the DFT flux formulation [7, 23, 31] with the structure coefficients Fypc of the
group manifold. Applying the extended strong constraint, in subsection 5.3 we prove the
equivalence of the gauge transformations and the action in both theories. In this context,
we will briefly discuss the background independence of DFT.

5.1 Appropriate generalized vielbein

The starting point for the following discussion is a background generalized vielbein E !
fulfilling the strong constraint of DFT. Due to 2D-diffeomorphism invariance proven in
section 4.2, one is not forced to parameterize it with the left/right moving coordinates
xt/ . Instead, we choose the momentum z° and winding Z; coordinates which are common
in the generalized metric formulation of DFT [29]. They give rise to

XI = (i’z .%'i), 81 = (51 BZ) and nryg = ((g] %) . (5.1)

A canonical choice for the vielbein in the DFT flux formulation [7, 23, 31] is

e%; 0
Bl = * . 5.2
A <_€a]Bji eaz> ( )

The strong constraint of DFT requires that it only depends on half of the coordinates.
Without any loss of generality, we choose F AI to depend on the momentum coordinates
z'. Note that a hat over a doubled index indicates that the n-metric

0 ¢ o . AiB 0 &
in = d it = N 5.3
Nik (52 O) and its inverse is 7 5 0 (5.3)

are used to lower and raise this index. In order to identify this representation of n with the
diagonal form (2.10) common in DFTwyzw, we apply the coordinate independent O(2D)

~19 —



rotation

. 56 ) N .
MAB = ( Nab Z) with MACMBDUC@ =1NAB - (5.4)
—TNab 5@
It leaves the background metric invariant and thus yields
& ppnD " 0
Ma~ Mp 5@[325,43 with SAB: 0 . (55)
Tab
Switching to curved indices, SAB gives rise to the generalized metric
- i — Birg"™ By; Bi,g"?
g — g I1gABR.J _ Gij ik j Pikd . 5.6
A B _gszkj g’Lj ( )

It is important to note that the canonical generalized vielbein (2.7) of DFTwzw is not an
O(D, D) element, because it gives rise to different representations of the n-metric in flat
and curved indices, namely

iJ 0
EAInABEBJ _ nIJ —9 <9 ) ' (5.7)

This is an apparent problem, if one tries to compare DFTwzw and DFT. A short calculation
shows that the generalized vielbein defined in (5.2) fixes this problem. It fulfills the relation

EIABR T _ 1T _ Odzj 5.8
AnTE =0 =y (5-8)
J
and hence is an O(D, D) matrix.
This new generalized vielbein should give rise to the constant structure coefficients

Fape = 2Q[AB]C with Qapc = EAIa[EBJECJ (5.9)

from which the derivation of DFTwzw in [1] starts. Unfortunately, this does not work out
because the resulting structure coefficients fail to be constant. A way around is to consider
the covariant fluxes

Fise = 3apey (5.10)
instead. Following [31] and remembering that the vielbein e,’ and the B-field B;; depend
on the momentum coordinates z* only, we obtain

fabc = —Seaiebjecka[iBjk] = _Habc = _Fabc and (5.11)
Fhe = 26[bi8iec]jeaj = QQ[bc]a = F%.. (5.12)
The remaining independent components F*, and F%¢ vanish. Next, we switch from F ABC

to Fapc by applying the transformation M AB defined in (5.4). Doing so gives rise to
Fabe + nad'/rdbc + nbd-’radc + ncdfabd = 2F e

Fave — NagF e + moaFale + NeaFap® =0

FaBc = - -
Fabe = NadF 5e — MpaFa’e + NeaFap” = —2F 45,

(5.13)

d d d _ _
Fave — Naal 5c — Mala"c — Nealapr” = —4F 50z
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which are constant but still do not match the strict left/right separation in the structure
coeflicients required to formulate DFTwzw. However, there is still a way to cure this
problem without spoiling the O(D, D) property (5.8). To this end, we apply a coordinate
dependent O(D) x O(D) transformation which acts on

j 7
€qi t+ eaiji €q

Ea' = MAPE, = ( ) as Bl =TB(x")Ep’ . (5.14)

—eqi + €4/ Bji eq’
In the second row of E4’, we drop the bar over the index a of ey and eg’ respectively to
emphasis that, in contrast to (2.7), we use the left mover vielbein only. It is connected to
the one for the right movers by the O(D) transformation

eal = tz%e,}  with tz° = K(ta,gtbgfl) , (5.15)
where K denotes the Killing form
&'k Tr(ad, ady) )
K(z,y) = 5 T o with z,y€g, (5.16)

introduced in [1], and g is the group element parameterized by the coordinates 2. This
transformation is embedded into

52 0 - ewi + el Bi; €4t
7.5 _ (% ducing 0 = [ €T Ca i Ca ) 5.17
. (0 t&b> producing Fa (_ o (5.17)

which ‘recovers’ the correct index structure. Due to the coordinate dependence of this
transformation, it modifies the coefficients of anholonomy according to

Qupc = Ta T Te" (Qppr — Ep’0/TueT"F) . (5.18)
After some algebra and keeping the definition ¢, = —t5z in mind, we obtain
it gt = K[ty tel ta)e®s = i Fape (5.19)
and finally
, 0 0 Fope
EA'0TppTP ¢ = 24" (0 —a[tgbtdc> =2 F;. (5.20)
0 otherwise.

This result is nice, because it allows us the fix the problems we encountered with the
covariant fluxes Fapc in (5.13). After proper antisymmetrization of Q4pc, the covariant
fluxes for the O(D) x O(D) rotated generalized vielbein F4! read

Fape Fap®
Fapc =24 — he or in the standard form Fap® = Fi©
0 otherwise 0 otherwise.

(5.21)
They are now compatible with the left/right separation of the structure coefficients in
DFTwyzw. Thus, via (5.17) we have succeeded to properly embed the WZW background
into the flux formulation of original DFT.
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5.2 Extended strong constraint

There is still a small but peculiar difference in the two definitions of the structure coefficients
Fapc =2Qapjc  and the covariant fluxes Fapc = 3Qapc; - (5.22)

In order to identify them even so, first note that Q4pc is antisymmetric with respect to
its last two indices due to O(D, D) property (5.8). Thus, we are able to write

Fapc =Qapc + Qcap +Qpoa = Fape + Qcoas - (5.23)
Moreover, the purpose of Fapc in DFTwzw is to define the commutator relation
[Da, Dg] = Fap©Dc (5.24)
between flat derivatives. Thus, it is sufficient to study
Fap®Dc-=Fag®De -+ (DYEA’) EpDc - (5.25)

where - denotes arbitrary products of fluctuations 45, d and the gauge parameter &4,
which we also consider as a fluctuation. In DFTwyzw, the strong constraint only acts on
these fluctuations, whereas it does not apply for the background or the relation between
background and fluctuations. However, we can of course introduce an additional constraint,

the so called extended strong constraint
DsbDAf =0, (5.26)

linking background fields b with fluctuations f. It restricts all valid field configurations in
DFTwzw to a particular subset which allows to cancel the last term in (5.25) and therefore
to identify Fapc = Fapc. Furthermore, it allows to cancel the last term in the strong

constraint in curved indices giving rise to
(9701 —28;d0"). = 0;0!- =0, (5.27)
which is apparently equivalent to the strong constraint in the original DFT formulation.

5.3 Gauge transformations and action

Using the covariant fluxes Fapc instead of the structure coefficients Fapc, we have to
recalculate the Christoffel symbols of the covariant derivative. To this end, we solve the
frame compatibility condition

1
VaEp' = DaBp' + 3 Fpa’Ec’ + EA"Tx, Ep’ =0 (5.28)
which gives rise to

1
I == + Qun™™ = g(—QQuK + 0% +Q,5). (5.29)
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For this connection, the generalized torsion
Tk =20 k)" + T k) =0, (5.30)
vanishes. The latter links the C-bracket

61, &]6 = €1, &lhrrc + THukE 6 (5.31)

of DFTwzw and DFT. Thus, both theories share besides the strong constraint (5.27) the
same gauge algebra, too. This also holds for the generalized Lie derivative, which can be
derived from the C-bracket as

1 1
LV =6 VIG+ 5V (&) = € Vibere + 50/ (6V)) = LovreV! . (5.32)

Even if the Christoffel symbols I'7;% get modified, they still keep their transformation
behavior (4.39) under 2D-diffeomorphisms. In this sense, 2D-diffeomorphisms are still a
manifest symmetry of the action and its gauge transformations. However, this symmetry
gets partially broken due to the constraint

Len™ =0=07¢" +o'¢’ (5.33)

which preserves the O(D, D) property (5.8) of the background generalized vielbein E4’.
Further, the strong constraint for 4’ and the extended strong constraint have to transform
covariantly, which gives rise to the additional restrictions

Ae(OrEA"0 f) = —Ea®0g 0’0’ f =0, (5.34)
Ae(OrEA"0'ER) = —Ex*01,01¢70" Ep™ — 01E4" Egt0,0"¢X = 0 (5.35)

requiring
01€70'f =0 and 9rE7TEAK =0 or 976X = const. . (5.36)

The latter allows for global O(D, D) rotations. Besides them, only transformations of
the form

LeEat = ¢70,E4" + EL0;¢" = Eo7 ( 0 0) (5.37)
%€ 0

are possible. They correspond to B-field gauge transformations with
B;j — B;; + a[ifj] (5.38)

and, as well as the global O(D, D) rotations, can be expressed in terms of generalized
diffeomorphisms. Hence, the additional 2D-diffeomorphism invariance of DFTywzw is com-
pletely broken by the extended strong constraint (5.26) and the O(D, D) valued background
generalized vielbein.

The new connection (5.29) has a non-trivial effect on the background dilaton d defined
in (2.25), too. To be compatible with integration by parts [1], d has to fulfill

Q751 +201d=0 (5.39)
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after using
Q157 =Qyr7,  adirect consequence of Fr;7 = Q7 — Q7 =0, (5.40)

and the antisymmetry of €277k in its last two indices.
Subsequently, we show that the action S of DFTwzw in curved indices is equivalent
to the traditional DFT action

1 1
SpFT = /d2DXe_2d <8HKL3K7{[J3LHI‘] — 57‘[IJ3J/HKL3L’H]K
—207doyH! 4 4H!7 81d(9]d> . (5.41)

Of course,
S = Sprr (5.42)

only holds under the extended strong constraint (5.26). To prove this identity, we show that
S — Sprr = /dQDX6_2dA (5.43)

vanishes. Expressing all covariant derivatives in terms of partial derivatives and the con-
nection (5.29), A can be simplified to

1
A =H!7 (QIKLQKLJ — Q8 1 QF s+ QQKLIQKLJ>
— QKo H!Y + 20K (1 05d — QF k10 HY + 21T QK Ogd. (5.44)

The last term in the first line vanishes under the strong constraint of the background fields.
After performing integration by parts analogous to (2.24) and splitting the generalized
dilaton according to (2.25), one obtains

— QKo H!Y = 21T Q R 0d + HIT QKO Lk + Ok QK HTT and (5.45)
—leaﬂ‘[]‘] = —QQKK['HIJaJ'dN—F HIJQKK[QLLJ + HIJ8]QKKJ . (5.46)

Here, we also have applied (5.39) to get rid of derivatives acting on d. After these substi-
tutions, A reads

A = HIJ (Q]KLQKLJ + Q]]KQLLK + 8KQ[JK + 8[QKKJ) . (5.47)

Finally, by taking the definition of Q7 x (4.38) into account, it is straightforward to
show that
Ok Q™ + 0195 ;= = Q" QP L — QO (5.48)

holds and thus one obtains the desired result
A=0. (5.49)

The calculations shown in this subsection generalize in some sense the endeavor of [5]
to find a background independent version of the cubic DFT action derived in [3]. The

— 24 —



main idea behind those technically challenging calculations in that paper is that ‘...one
can absorb a constant part of the fluctuation field e;; into a change of the background
(I5] page six,
first paragraph). In our context, we have a similar situation by splitting the generalized

9

field F;;. The dilaton plays no role in the background dependence; ...

metric into

HIT = HY 4 p17 where Al =€ 4 %GIKHKLELJ +..., (5.50)
i.e. the background field H'/ and the fluctuation field h’/. As opposed to [5], we consider
the generalized dilaton (2.25), too. Furthermore, we are not limited to constant background
fields, because H!” is not constant for an arbitrary group manifold. It is only constant for
the special case of a torus. For being a consistent background, it always has to fulfill the
field equations of the theory. Still, we were able to reproduce the background independence
of ordinary DFT proposed by [5].

As we have seen, for this background independence we have to impose the extended
strong constraint, which rules out any solutions beyond SUGRA. To this extend, DFTwzw
possesses the same background independence as DF'T but still allows to have a glimpse at
physics not covered by SUGRA. Moreover, the derivation in this subsection shows that
DFT breaks the 2D-diffeomorphism invariance of DF Twyzw. Especially in the context of
doubled sigma models with manifest 2D-diffeomorphism invariance like e.g. in [33], this
could be interesting.

6 Outlook

In the course of this paper, we have derived the generalized metric formulation of the
DFTwyzw action and proven its invariance under generalized diffeomorphisms and 2D-
diffeomorphisms. Afterwards, we have shown that our theory contains the original formu-
lation of DFT as a subset. To this end, we have restricted the background vielbein E4! to
be O(D, D) valued and to fulfill the strong constraint of DFT. Furthermore, the so called
extended strong constraint has to link background and fluctuations. There is no reason
why there should not be consistent solutions outside this subset. They are beyond the
scope of SUGRA and could contain new physics. Hence, it is worth to study them.

In general DFTwzw only needs the closure constraint (CC) for background fields b
and the strong constraint (SC) for fluctuations f. Depending on how one extends these
constraint, the following solutions are accessible:

Theory CCb SCb-b SCbH-f SC f-f | Solutions

DFTwzw v X X v non-geometric

DFTwzw v v X v geometric, non-trivial def. of algebra
DFT v v v v geometric, T-dual to SUGRA solution.

Besides the most general case giving rise to non-geometric backgrounds, one could drop
the extended strong constraint but keeping the strong constraint for the background fields.
This choice guarantees that the underlying CFT has a modular invariant partition function
but still goes beyond conventional SUGRA. Such solutions could be linked to non-trivial
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deformations of the Courant algebroid underlying the symmetries of DFT. Some of these
deformations are known to give rise to non-commutative deformations of the target space
in terms of a Poisson structure [34, 35]. Recently, there has been put much effort into
understanding non-commutativity and even non-associativity in gravity theories [36—40].
All of them are closely connected to backgrounds with fluxes. Being able to handle such
kinds of backgrounds, DF Twzw might be an appropriate tool to push these efforts forward.
Another interesting challenge would be an extension from group manifolds to arbitrary
background geometries. To this end, one should follow the observations made at the end
of section 4.1.
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