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Abstract

In a setup of type IIB superstring compactification on an orientifold of a o /74 sixfold, the presence of
geometric flux (w) and non-geometric fluxes (Q, R) is implemented along with the standard NS-NS and
RR three-form fluxes (H, F). After computing the F/D-term contributions to the A/ = 1 four dimensional
effective scalar potential, we rearrange the same into ‘suitable’ pieces by using a set of new generalized
flux orbits. Subsequently, we dimensionally oxidize the various pieces of the total four dimensional scalar
potential to guess their ten-dimensional origin.
© 2015 Published by Elsevier B.V. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/). Funded by SCOAP3.

1. Introduction

String compactifications and gauged supergravities have quite remarkable connections via re-
lating the background fluxes in the former picture with the possible gaugings in the later one
[1-9]. Application of successive T-duality operations on three-form H-flux of type II orientifold
theories results in various geometric and non-geometric fluxes, namely w, Q and R-fluxes. More-
over, in a setup of type IIB superstring theory compactified on T®/(Z, x Zy), it was argued that
additional fluxes are needed to ensure S-duality invariance of the underlying low energy type IIB
supergravity, and in this regard, a new type of non-geometric flux, namely the P-flux, has been
proposed as a S-dual candidate for the non-geometric Q-flux [9—11]. The resulting modular com-
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pleted fluxes can be arranged into spinor representations of SL(2,Z)’, and the compactification
manifold with 7'- and S-duality appears to be an U-fold [12—14] where local patches are glued by
performing 7 - and S-duality transformations. Since fluxes can induce potentials for various four-
dimensional scalars, the same are useful for moduli stabilization and constructing string vacua,
and hence connections with gauged supergravity provide a channel to look into phenomenolog-
ical window, see [15—17] and the references therein. Moreover, in recent years, non-geometric
setups have been found to be useful for hunting de-Sitter solutions as well as for building infla-
tionary models [ 18-23]. A consistent incorporation of various kinds of possible fluxes makes the
compactification background richer and more flexible for model building.

Although the origin of all the geometric and non-geometric flux-actions from a ten-dimen-
sional point of view still remains to be (clearly) understood, there have been significant amount
of phenomenology oriented studies via considering the 4D effective potential merely derived by
knowing the Kihler and super-potentials. However, some significant steps have been taken to-
wards exploring the form of non-geometric 10D action via Double Field Theory (DFT) [24]" as
well as supergravity [8,28,29].” In this regard, toroidal orientifolds have been always in the center
of attraction because of their relatively simpler structure. Moreover, unlike the case with Calabi
Yau compactifications, the explicit and analytic form of metric being known for the toroidal
compactification backgrounds make such backgrounds automatically the favorable ones for per-
forming explicit computations. Therefore, the simple toroidal setups have served as promising
toolkits for investigating the effects of non-geometric fluxes and also in studying their deeper
insights via taking baby steps towards knowing their ten dimensional origin. For example the
knowledge of metric has helped in anticipating the ten-dimensional origin of the geometric flux
dependent [8] as well as the non-geometric flux dependent potentials [28,29]. Considering a gen-
eral form of superpotential with the presence of H, w, Q, R-fluxes in a simple T®/(Z» x Z»)
toroidal orientifold of type IIA and its T-dual type IIB model, the subsequently induced four
dimensional scalar potentials have been oxidized into a set of respective pieces of an underly-
ing ten-dimensional supergravity action [28]. This dimensional oxidation process has suggested
some peculiar flux combinations to be useful in the ten-dimensional picture, and the same have
been further extended with the inclusion of P-flux, the S-dual to non-geometric Q-flux in [29]. In
addition, with recent attractions triggered in developing axionic models of inflation after BICEP2
and PLANCK [34-36], a generalization of [28,29] to include involutively odd axions By and C»
is desirable not only from the point of view of seeking better understanding of the non-geometric
10D action but also for axionic inflation model building. For explicit construction of some type-
IIB toroidal/CY orientifold examples with odd-axions, see [37-43].

Motivated by these aspects, in this article, we implement the presence of odd-axions in the
dimensional oxidation process of [28] via considering the untwisted sector of type IIB superstring
theory compactified on an orientifold of T®/Z4. This setup happens to be nontrivial enough
as compared to the mostly studied toroidal example of T®/(Zy x Zy)-orientifold in two sense:
(i) Having pb! (X) =2, it can accommodate the involutively odd axions, and hence can have the
structure of usual flux orbits being corrected via By-axions similar to type I[IA compactification
on T®/(Zy x Z»)-orientifold case [8,28]; and (ii) it can induce D-terms involving non-geometric
R-fluxes also due to non-trivial even (2, 1)-cohomology as h%r’l(X ) = 1. On top of these, this

1 For recent reviews and more details on flux formulation of DFT, see [25-27].
2 Related to the study of ten-dimensional non-geometric action, see also [30-32] in B-supergravity framework as well
as [33] for exceptional field theory.
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Table 1
Orientifold invariant states.

é 8uv By Co (&) Cy
ot + + + - - -
Q,p + + - - + -
o* + + - + - +

setup represents the case of frozen complex structure moduli as h*! (X) =0, and hence is simple
enough for explicit computations. With these ingredients, the present toroidal setup provides
some interesting and enlightening features of ten-dimensional origin of the 4D non-geometric
type IIB scalar potential.

The paper is organized as follows: the section 2 provides some relevant features of type IIB
orientifold compactifications followed by an explicit example of T®/Z4-orientifold. In section 3,
we compute the full scalar potential via considering F- and D-term contributions. In addition, we
invoke the various corrections to flux orbits induced by inclusion of odd axions. Using these new
flux-orbits, in section 4, we first rearrange the total scalar potential into ‘suitable’ pieces which
are subsequently oxidized into a ten-dimensional non-geometric action. Finally we conclude in
section 5 with a short Appendix A providing various components of fluxes/moduli allowed under
the orientifold action.

2. Setup
2.1. Type-1IB orientifolds and splitting of various cohomologies

Let us consider Type IIB superstring theory compactified on an orientifold of a Calabi—Yau
threefold X. The admissible orientifold projections fall into two categories, which are distin-
guished by their action on the Kéhler form J and the holomorphic three-form €23 of the Calabi—
Yau [44]:

O:{on with o*(J)=J, 0o*(Q3)=Q3,

(—)FLon with o*(J)=J, o*(Q3)=-Q3 @1

where €2, is the world-sheet parity transformation and Fj, denotes the left-moving space—time
fermion number. Moreover, ¢ is a holomorphic, isometric involution. The first choice leads to ori-
entifold 09- and O5-planes whereas the second choice to O7- and O3-planes. The ()L Q PO
invariant states in four-dimensions are listed in Table 1. The massless states in the four dimen-
sional effective theory are in one-to-one correspondence with harmonic forms which are either
even or odd under the action of o. Moreover, these do generate the equivariant cohomology
groups HY¥(X). Let us fix the following conventions for the bases of various equivariant coho-
mologies counting the massless spectra,

e The zero-form: 1, which is even under o.

e The even two-forms: iy, countedby o =1, ..., hi’l.
e The odd two-forms: v,, counted by a = 1, ...,h&l.
e The even four-forms: fiy, counted by e =1, ..., hl;l.
e The odd four-forms: v, counted by a=1,..., htt.

A six-form: &g = dx! Adx? Adx3 Adx* Adxd A dx®, which is even under o.
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Here, we take the following definitions of integration over the intersection of various cohomology
bases,

[oo=t [uanif=af. [vini=a;

X X X
/ Ha NUB Ny = kaﬁyv / Ha N Vg ANVp = ]gaab (2.2)
X X

Note that if the four-form basis is chosen to be dual of the two-form basis, one will of course have
d p_ 80[ and d, b— =4, b However for the present work, we follow the conventions of [45], and
take the generic case. In addition to the splitting of H>(X) and its dual H*(X)-cohomologies,
we also need to know the splitting of three-form cohomology H3(X) into even/odd eigenspaces
under a given involution o. Considering the symplectic basis for these even and odd cohomolo-
gies H}r (X) and H3 (X) of three-forms as symplectic pairs (ag, b%) and (Ay, BK) respectively,
we fix

/aK/\bJ:(SKJ, /Ak/\Bj:(Skj (2.3)
X
Here, for the orientifold choice with O3/O7-planes, set of values {J, K} € {1, ..., h%r’l} counting
the vector multiplet while {j, k} € {0, ..., h%l} counts the number of complex structure moduli.

For orientifolds with O5/09-planes, the counting of indices goes as {J, K} € {0, ..., h%r’l} and
. 2,1
{j.kyef{l,...,h2"}.
Now, the various field ingredients can be expanded in appropriate bases of the equivariant
cohomologies. For example, the Kihler form J, the two-forms B>, C» and the R-R four-form
C4 can be expanded as [44]

J=1% g, By =0v,, Cr=c"vy,
Ca=DY A pg+ UK nag + Uk ADE 4 p, 1 (2.4)

where t¢ is two-cycle volume moduli, while 5%, ¢* and p, are various axions. Further, (U KU K)
forms a dual pair of space-time one forms and DY is a space—time two-form dual to the scalar
field p, . Due to the self-duality of the R—R four-form, half of the degrees of freedom of Cy4 are
removed. Note that the even component of the Kalb—-Ramond field By = b* u,, though not a
continuous modulus, can take the two discrete values b € {0, 1/2}. Further, since o* reflects
the holomorphic three-form, in the orientifold we have h2_’1(X ) complex structure moduli z¢
appearing as complex scalars. Finally, one has Table 2 summarizing the /' = 1 supersymmetric
massless bosonic spectrum [44].

Using the pieces of information developed so far, one can collect a complex multi-form of
even degree ®¢*" defined as under [46,47],

Qe = B2 A Crp +i e PRe(eB217)

=(Co+ie®) +(Ca+(Co+ie®)B))
©) 1 — g
+(Cy +Can Bt S(Cotie)BaA By = Se P T A

=1+G v, + Ty n° (2.5)
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Table 2
N =1 massless bosonic spectrum of Type IIB Calabi Yau orientifold.
Chiral multiplets n*! 24
1,1
hy (%, par)
nl! (", )
1 (¢, Co)
. 2,1 K
Vector multiplet hy U
Gravity multiplet 1 guv

This suggests the following forms for the appropriate chiral variables appearing as the complex
bosons in the respective A/ = 1 chiral superfields,

1=Co+ie?, G'=c*+1b*,

R | I i
Ty = (,oa + Reapc®b® + 3 T Kgapb® bb> ~3 Kafy Pr7 . (2.6)

Here, we have changed the four-cycle volume moduli into Einstein-frame by absorbing e~¢
factor (appearing in %e“” J AJ)ineqn. (2.5) via redefining the two-cycle volume moduli as Jg =
e~%/2J . In the definition of variable 7,,, we have dropped in index ‘E’ in #%. Also a redefinition
of the intersection numbers as compared to the ones given in the definitions of eqn. (2.2) is made
as: kapy = (1) 2 kspy and Ryap = (d~1) 0 sap-

The low energy effective action at second order in derivatives is given by a supergravity the-
ory, whose dynamics is encoded in a Kéhler potential K, a holomorphic superpotential W and
the holomorphic gauge kinetic functions. These building blocks are written in terms of the afore-
mentioned appropriate chiral variables. In our case of present interest, the generic form of Kihler
potential (at tree level) is given as,

K=—-In(—i(t —=7))—In i/Q3/\§23 —2In(Vg (r,G* Ty; T, G, Ta)) 2.7
X

where Vp is the Einstein frame volume of the Calabi—Yau manifold. Unfortunately, Vg is only
implicitly given in terms of the chiral superfields as it is, in general, non-trivial to invert the last
relation in (2.6).

To express the various geometric as well as non-geometric fluxes into the suitable orientifold
even/odd bases, it is important to note that in a given setup, all flux-components will not be
generically allowed under the full orientifold action O = Q2 p(—)F Lo [3,9]. For example, under
the effect of (€2, (=), only geometric flux @ and non-geometric flux R remain invariant while
the standard fluxes F, H and non-geometric Q-flux are anti-invariant [3,9]. Therefore, under the
full orientifold action, we can only have the following components of the standard fluxes (F, H)
and the geometric as well as non-geometric fluxes (w, Q and R),

FE (Fk9 Fk)aHE (Hk,Hk>7C()E (a)akaa)ak» (;)O[Kad)ot[(>7

R=(Re.R¥), 0= (0%, 0"k, 0, 0%). 2:8)

The structure in which the presence of these flux-components is manifest, can be arranged via
the possible three-form components as under [45],
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H=H"A + H, BY, F=F A+ F B,
wa = (@<v) = 0" A+ 0B, 0% = (0> %) = 0" A + 0% B
o = (@< ta) = o ak +axb®, Q=(Q>0") = Q" ag + Qxb",
Re®=RKag + RxbX (2.9)
These are relevant for writing down the superpotential contribution as we will see in a moment.

Moreover, with these definitions, we have the following non-trivial actions of fluxes on various
3-form even/odd basis elements [45],

H A Ay =—f~Hpd, HABY = =1 H o
w<Ak=(d_l> b o %, a)qu:—<d_1> bk 5@
a a
0v A== (") POup, QB =(d7") PO py, (2.10)
and
Reagx = f'Rg1, RebX =—f1RK1
w<ag = (dt]> Popk %, w<abf=- (&'") Pap® i
o o
Ovag =— (d‘l)abQ?( Vb, 05 bK = (d_l)ab 09K v, 2.11)

For writing the flux-superpotential, we further need to define a twisted differential operator, D in-
volving the action from all the NS-NS geometric as well as non-geometric fluxes. Following the
conventions of [45], the same can be expressed as,

D=d+HAN.—w<.+Q0>.—Roe. (2.12)

Now, a generic form of flux superpotential, which includes all the allowed geometric as well as
non-geometric flux contributions, can be considered as,

W= /[F + DCDﬁW"} A Q3
3
X

:/[F+rH+waG“+ 0 Ta] A 3. (2.13)
3

Note that, only odd-w, and even- 0 components of geometric and non-geometric fluxes are
allowed by the choice of involution to contribute into the superpotential. Further, the holomorphic
three-form, €23 which is odd under involution, can be generically written in terms of coordinate-
and period- vectors in the symplectic basis (A, B) as under,

Q3 = ZK A, — Fi BF (2.14)

Using the definitions of various flux-actions given in (2.9), we have the following expansion of
the three form appearing in (2.13),

(F+1H+a)aG“+ O Ta)

= (Fk + 7 H + 0K GO+ O% Ta) A+ (Fk 47 Hy 4w G + 0% TO,) Bt (2.15)
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Subsequently, one arrives at the following generic form of the superpotential

W= —[(Fk + T Hy + wa G* + 0% To,) zZk

+ (Fk t 1 H 4 w0,k G+ 0% Ta) fk] . (2.16)

As also observed in [45,17], one should note that R-flux does not appear in the superpotential. In
the absence of non-geometric P-flux which is S-dual to Q-fluxes, this form of superpotential is
generic at the tree level.

2.2. An explicit example: type IIB on a T®/Z4-orientifold

We consider the type IIB superstring theory compactified on a toroidal orbifold T®/Z4 with
the following redefinition of complexified coordinates on T [45],

Z1=x1+ix2+ein’/4(x3+ix4)

2= it 430 +ixd)

P =x+ix (2.17)
The orbifold action Zj4 is given as

OZy): (2" 222 — iz i =2)) (2.18)
The holomorphic involution ¢ is chosen to be,

o (2223 — (—ef T T2 3y (2.19)

The hodge number for T®/Z4 orbifold is 2>! =1 and h'! = 5 which results in splitting
into even/odd eigenspaces of (1, 1)-cohomology with hi_’] =3 and h"!' =2 and those of

(2, 1)-cohomology with h%r’l =1 and 4*" = 0. This even/odd splitting of hodge numbers en-
sures that there are three Kidhler moduli 7, and two involutively odd axions G“. Further, there
will not be any complex structure moduli, however a vector multiplet will appear in the four
dimensional N = 1 effective theory due to non-trivial (2, 1)-even sector as W2l = hi’l =1.
Now, the three involutively even- and two odd-harmonic (1, 1)-forms can be written in the

following manner [45],

0y = % (dz] Adz' 4+ d? A d22> —dx' Adx® +dx® Adx®

i 1 -1 2 -2
Mz:—(dz ANdz —dz Adz)
232
=dx' Adx® +dx' Adx* — dx? AdxP + dx? A dx?

3 = lE (dz3 A dz3) — dx> Adx® (2.20)

and
L
b = Tl (dzl ANdZ +idz A dz2>

=dx' Adx® —dx' Adx* + dx? AdxP + dx? A dx?
e—in/4

vy = — (dzl Ad72 —id7! /\dzz> =dx' Ndx? —dx3 A dx*, (2.21)
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The respective even/odd dual four-forms can be written as under,

Even: fi'=p1Aps, @%=poAus, ,13:%,“ A [

0dd: P'=viApuz, PP=mAus (2.22)
The toroidal orientifold under consideration also has a single non-trivial six-form

®o =dx' Adx? Adx® Adxt Adx® Adx® (2.23)

while there is no harmonic 1-form and the dual five-form. For the present setup, the details of
various non-vanishing intersection numbers defined in eqn. (2.2), are given as under [45]

1 5 ) 1 1 b ) 1
f=Z, dl, =diag 5’_1’1 , d, =diag —1,—5

1 A A 1
(k113 =3 kanz = —1> and <k311 =—1, k3n = —§> : (2.24)
Now, as one can expand the (1, 1)-Kéhler form J as J = th iy 4+ 12 o + 13 3 from eqn. (2.4),
therefore using the intersection numbers given in eqn. (2.24), the volume of the sixfold in Einstein
frame is simplified as,

3!
X

_1 _13 12 5242
VE=—/]/\JAJ—4I ((t) 2(;)) (2.25)

where the Kéhler cone conditions for Einstein frame two-cycle volume moduli are given as
t1'>0,3>0,(tH2 > 2(t%)? to ensure the positive definiteness of the overall volume.

3. Scalar potential and search of new generalized flux orbits

The four-dimensional scalar potential receives contributions from F-terms and D-terms, which
we discuss in detail now. Subsequently, we will come to the search of some new generalized flux
orbits at the end of this section.

3.1. F-term contributions

The F-term contributions to the AN = 1 scalar potential are computed from the Kihler and
super-potential via

VF:eK(K"fDiWD,-v_V—3|W|2). 3.1)
3.1.1. Writing the Kdhler potential (K )

To express the Kéhler potential in terms of chiral variables, we have to rewrite the volume

expression (2.25). Note that, the last term in 7, represents the Einstein frame valued volume

of the even four-cycles, and can be expressed in terms of the two-cycle volumes *’s. For that
purpose, a simplified version of chiral variables 7, is,

1 1 . |,
T, =—i (5 Kapy P17 — 5e—<f’ Kaab b"bb> + <pa + Ryap ¢°B” + 5 Cokaas b“bb) . (32

which using Cy = cg, e~ = s and intersection numbers given in eqn. (2.24) results in
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hh=—itts+p1, h=—ittz3+
T3=—i [(xf - 2:3) + 5 (2b? +b§)} + (m —4byci —2bycy —co 22 +b§)). (3.3)

From now onwards we switch the upper indices in t*’s and b®/c®’s to the lower places for
simplicity in presentation. Considering Im(T,) = —1, results in

TI=h13:=01, T2 =h13:=07,
7= (z% - 2;22) 5 Qb2 +b2) =03 +5 (267 + bD), (3.4)

where we have also expressed Einstein-frame quantities o, := % Kafy tPt? in terms of ,’s. Sub-
sequently, the overall volume given in eqn. (2.25) can be rewritten as below,

1 1
VE:Z \/r12—2r22\/r3—2sb%—sb§zé—l\/012—20224/03 3.5)
Now, the Einstein frame internal metric is
0 2 -2 0 0
o 2 2 0 0
2 2t 0 0 0
0
0
3

E
o= 3.6
8ij -2 2 0 oo (3.6)
0 0 0 0 £
0O 0 0 0 0
which can be rewritten in terms of 7,’s by using the relations: 1} = fzvg?z’ ) = jzv’; ?2 and
1“2 17 <"

4VE
13— 2b3+b3)
being written in terms of 7, ’s. Further, these four-cycle volumes t,,’s have to be further expressed
in terms of appropriate N = 1 coordinates {z, T, G*} given as follows,

B = . Note that, the NS-NS axions appear in the internal metric while the same

i(l3—=T3) i
2 4t — 1)

(OS] o

Given that h%l(X ) = 0 in the present case, the complex structure moduli dependent part of the
tree level Kéhler potential defined in (2.7) is just a constant piece which can be nullified via
an appropriate normalization (i / x 23 A 93) = 1. For example, we can consider Z° =1 and

1/2
1 _ _
Ve =Ve(Ta, S, G = 5 ( R3ab (G — G*)(GP — Gb>)

Fo = —i, and subsequently the canonically normalized holomorphic three-form €23 given in
(2.14) can be expressed as,
Q= (A n 'BO) (3.8)
3=—= Ao +1 . .
V2

An appropriate normalization is important to make, and will be crucial later on while establishing
the match among the two scalar potentials; one computed from K and W (plus D-terms) while
the other one coming from the dimensional reduction of a 10D oxidized conjectural form. Now,
by using the volume form (3.7), the simplified Kéhler potential expression to be heavily utilized
later simplifies down to the form,

K=—In(—i(t =7)=2WnVg(Ty,t,G% Ty, 7,G% (3.9)
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3.1.2. Writing the superpotential (W)
Using eqn. (3.8) for canonically normalized holomorphic three-form €23, the generic non-
geometric flux superpotential expression given in (2.16) simplifies as under,

1 A A
W=—7§[(fo+rho+waoGa+Q“oTa>—i <f0+rh0+wa0G“+Q“0Ta)},

(3.10)

where indices are summed with « = 1,2,3 and a = 1,2 corresponding to three even (com-
plexified) divisor volume moduli and two odd-axions. Now, one can compute the F-term scalar
potential using this superpotential (3.10) and the K&hler potential given in (3.9). Note that, al-
though when considered in real six dimensional basis, there are 10 independent geometric flux
(wi jk) as well as 10 independent non-geometric flux (Q'/;) components which are allowed by the
orientifold projection as detailed in Appendix A, however for fluxes counted by the complex in-
dices, this superpotential (3.10) effectively involves only 4 geometric flux (a)(a), wg0) components
and 6 non-geometric flux components (Q“O, Q"‘o). In fact as we will see later, there are additional
6 geometric flux components (a)al, wy1) and 4 non-geometric flux components (Qal, Qa1) with
complex-index which appear via D-term. Here one should recall that k =0, K =1,a=1,2 and
a=1,2,3.

3.2. D-term contributions

In the presence of a non-trivial sector of even (2, 1)-cohomology, i.e. for hi’l (X) # 0, there
are additional D-term contributions to the four dimensional scalar potential. Following the strat-
egy of [45], the same can be determined via considering the following gauge transformations of
RR potentials Crg = Cop + C2 + C4,

Crr = (co—l—c“va—l—pa,a“—i—UK/\aK—i—UK /\bK+Dg/\ua) G.11)

— Crr + DK ag + 2xb®)

Recall that the pair (Ug, UX) appear in the expansion of RR four-form C4 as given in eqn. (2.4).
The dimensional reduction of RR four-form on three-cycles can induce the relevant gauge fields
in the four dimensional theory. Now using the flux actions on symplectic basis (ax, bX), the
second line of eqn. (3.11) can be expanded as under,

Crr + DO K ag + 2xb")
= D Atta+ (co— f 7 RxaK + f7 RF o)
+ (¢ = @0 k1K + @ e 0K k) vy
+ (pu = @ NP i + @ @550k ) 10
—i—((UK—i-d)»K)AaK—i-(UK +de)Ab’<) (3.12)

Note that the pair (A, 2K also ensures the 4D gauge transformations of quantities (Ug, U Ky as
UK - UX +d)X and Ux — Uk + drg. Recollection of various pieces as given in eqn. (3.12)
implies a shift in the respective RR axionic parts of the chiral variables {r, G%, Ty} via a redefi-
nition of cg, ¢* and p, respectively. Subsequently the relevant variations of the chiral variables
7, G% and T, are given as,
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st=08co=—f'RgrK + FIRKpg,
3G =8¢ = —(d™ )" Q kK + @™ Da" 0 hx
8Ty =8pu = —(d Vo dpxd K + (d™ 1o dpF ik (3.13)

Following the strategy of [48,49], and given that the superpotential (2.13) is neutral under
the gauge transformation (3.11), the D-terms can be computed through the Kéhler deriva-
tives and variation of chiral fields (3.13) via D; =i (94 K)((Sq&l.’“) where ¢4 = {t, G4, Ty} and
8¢A = (8¢lA) + A (8¢Ai). This results in the following D-terms,

Dg = —i [f‘ Rk (0:K) + (@ 1" 0Pk (3, K) + (d~ 1o dpx (a“K)}
DK =i [f‘lRK (0 K) 4+ (d™1p" QK (9, K) + (d 1P dp (a“m} (3.14)

Note that we have both types of D-terms (Dg, DX) unlike [45] as we have not performed the
symplectic transformations to rotate away half of the D-terms, namely DX . These two D-term
pieces contribute to the four dimensional scalar potential in the following manner [45],

1 1 N
VD(])=§(Re ®) /K DDk + 5(Re &),k D’ DX, (3.15)

where (Re &)~1/K and (Re (;5)_l Jk represents the electric and magnetic gauge-kinetic cou-
plings. These can be determined by considering the holomorphic three-form before orientifold-

ing, say ng) which can be given as,
Q) = 2% Ay — Fi B + X% ag — Gx b© (3.16)

where F; and G are both considered to be functions of 2% and XX arising from N = 2 prepo-
tential before orientifolding is done. The electric gauge kinetic coupling is given by [44],

I 0
Ggj=— | —= 3.17
KJ 5 <8XK g1>at ke (3.17)

Similarly, magnetic gauge kinetic couplings, & are computed by interchanging agx and bX by
a symplectic transformation. Note that, gauge kinetic couplings (& and ®) are holomorphic
functions of complex structure moduli. Now using the expressions for the generic tree level
Kihler potential (3.9), one finds that [44]

i

= _EA apapb
0K = 25 Vg <VE 2k(mht bbb ),
i - idgth
0ga K = —k t“bb7 r K = — B 118
G 2V aab Ty 2V ( )
Subsequently, we have
1 R S . A
K= 25V [TK (VE - Ekaabfababh) +5(d " Ok kaact®“b" — 51 a)aK:|
K 1 RK NS apapb —1y a nbK . apc a ~ K
b :_ZSV 7<VE_§kaabtbb)+s(d )b Q kaactb — St Wy
E
(3.19)

This form of D-term suggests the use of some new flux combinations as we will discuss later.
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3.3. Intuitive search for the generalized flux orbits

Let us perform an intuitive search for the correct flux combinations in the form of new gen-
eralized flux orbits modified by the presence of odd axions By and C,. Later on, we will show
how our conjectured form of the new flux orbits is useful for a rearrangement of the total scalar
potential via explicit calculation. For that purpose, we look into the superpotential components
via the following three-form factor

<F+tH+waG“+ 0¢ Ta>
=(Fk+tHk~|—wakG“+Q“kTa)Ak+(Fk+er+wakG“+Q“kTa>Bk

Now using the expansion of chiral variables we can club the different pieces into the following
manner,

(F+tH+waG“+ 0 Ta)
= [IF" i (sHk> _i (@“k aa>:|.Ak + [Fk i sH) —i (@“k aa):|l’)’k, (3.20)

where the symbol o, represents Einstein-frame four cycle volume given as: o, = %Kaﬂytﬁty,
and we propose the following flux combinations which generalize the Type IIB orientifold results
of [28] with the inclusion of odd axions,

Hy = hy, Q% = 0%, Fr = fi + cohx
Hf =n*, Q% =0%, F‘=frk4con* (3.21)

where
A 1
hi = Hi + war b + 0% (5 /?aabb”bb) ,

A 1
hk — Hk +wak ba + Qak (E Ieaabbabb) ,

Ji = Fr + wak c+ Qak (iooc + ’zaabcubb) s
fh = Fk 4w ket 4+ Ok (,oa 4 /eaabcab”) . (3.22)

This is interesting to observe that similar to type IIA compactification on T®/(Z x Z)-orienti-
fold case [28], the H3 flux is receiving corrections of (w< B»)- and Q > (By A Ba)-type, also in the
type IIB orientifold case. However, the same will not have a correction of R e (By A By A By)-type
because, such terms will involve intersection numbers k45, Which are zero by orientifold con-
struction itself. Also, while invoking the new flux orbits, we find that RR flux, F3 is having a
correction of (w < Cy)- as well as Q > (Cs4 + C2 A By)-type.

Now, motivated by the type IIA generalized flux orbits proposed in [28], it is tempting to
guess that odd-indexed geometric flux components (wgk, w.*) will receive contributions of type
Q> B as under,

Oak = wak + Qak ((d/\_l)ofS ]251417 bb) Uak = wak + Qak ((d,\_l)o:s ],(\(Sab bh)

Q% = 0%, Q%= Q. (3.23)
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However orientifold invariance does not allow for the presence of non-geometric R-fluxes in new
geometric flux components U, and U4~.
Now let us also see if there is a possibility of combining other fluxes to construct corrections

for geometric-flux orbits with even-indexed (K € h%r’l (X)) components. For that, we observe that
we can rewrite the D-terms in eqn. (3.19) relevant for Vg) in the following manner,

Dk = 1R —51Y0Ouk |,
K= 25y |:f kVE—S aK:|
1 .
DK = — FIREVE — 5125, X |, (3.24)
2s Vg

where the generalized version of geometric flux components are collected as under,
73 ~ —1y. a nb 7 c -1 1A apb
Ouk =uk =@ 0" Q% (Kaacb) + £ Ric ( Shaus b

~ R _ ~ _ 1 N
BoX =a® — (@ ") 0" (k bf) +f7' RX (Ekaab b* b”) (3.25)

Therefore, we have a generalized version of the even/odd components of geometric flux, and for
non-geometric flux it can be analogously given as under,

Uo = (U apg) =0uXag + o b®, Q%= (Qp 1) = QK ag +Q kb (3.26)
where
Q" =" — 1 d (RF V), Q'k = Q% — f 7" " (R b). (3.27)

In [50], a modular completion of all these NS-NS and RR flux orbits have been proposed with
the inclusion of P-fluxes which are S-dual to non-geometric Q-fluxes.

4. Suitable rearrangement of scalar potential and dimensional oxidation

Now, we will represent the four dimensional scalar potential into suitable pieces by utilizing
our new generalized flux orbits and subsequently we will look for the possibility of oxidizing
those pieces into ten dimensions. Here we will rewrite the full scalar potential in a particular
form. The reasons for this rearrangement are as follows,

e The well known Bianchi identities expressed with background fluxes written in real six di-
mensional indices are given as [3],

Hypjap@™ ca) =0
" tbe @ aim — Hutap Q""" =0
o™ (ab] Qm[@] _ 4w[gm[g Qéld]m + Hpab R™Med —
Qm[@ ng]m _ Rmlab U)Q]md =0
R™Meb g, =, 4.1

where underlined indices are anti-symmetrized. Now, one has to compute the total scalar
potential by converting all fluxes, appearing in the superpotential eqn. (3.10) and D-term
eqn. (3.24), into real index components such as (H; j, wijk, Qijk, Rk and Fijk). Subse-
quently, we can use this set of Bianchi identities (4.1) to simplify the total potential.
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e The subsequent representation of scalar potential is what we call a ‘suitable’ rearrangement,
as it will be directly useful for invoking its ten-dimensional origin.

Fortunately, for the current toroidal setup, we can convert the superpotential (3.10) as well as the
D-term (3.24) expressions into the ones written with real indexed flux components. This is the
beauty of simplicity of toroidal models in which one can analytically compute all the relevant
data including the internal six dimensional metric (unlike a generic CY case) for performing an
explicit computation.

4.1. Rewriting the new generalized flux orbits

Let us first recall the various flux orbits and summarize those at one place. The flux orbits in
NS-NS sector with orientifold odd-indices k € h%l(X ) are given as,

~ 1 - ~
Hi = Hi + o b* + 0% (5 (@) ksab b“b")
~ 1 A ~
H* = H* + 0,* b* + 0** (5 @™y ksap b“bb>
Ouk = wak + Qak ((d,\_l)o;S lgéah bb) , Uak = wak + Qak ((d,\_l)a;S lgéah bb)
0% = 0% Q*=0% (4.2)
while the flux components of even-index K € hi’] (X) are given as,
\ A —1\ a Hb 7 c -1 1 apb
Ouk = dar =@ 0" Q" (Raact®) + £ Ric ( Shaan b b
. A B . B 1a
O =" — @ 0" (Raacb?) + /7' R <5kaabb“ b”)
QHK — QaK _ f—l dba (RK bb), QLIK — QaK _ f—l dba (RK bb),
Rx = Rk, RK=RXK. (4.3)
The RR three-form flux orbits are generalized in the following form,
Sk = Fx + wak c? + Qak (p(x + ’eaabcabb> y
= FF 4 o+ 0% (pu + Raanc D) (44)

Let us also mention that the action of various geometric as well as non-geometric fluxes on a

given p-form, X, = #X,-lw,-pdx1 Adx?%... AdxP, canbe equivalently defined as under [45],

p+1 ; Lip+1 ;
(@< X)iyiy.cip = ( N ) @iy’ X jlizipir) + 5 < L) @it Xis iy
1(p-—1 & 1(p-1 i
Q> Xiiy.ipy = 3 ( 1 ) Q7% iy X jkliy...ip 11 + 3 < 0 Q7% i Xkliyig...ipiy

1 (p—3\ .
(R e X)iiy..ip s = 3 (p 0 ) RIMX iy iy 1 (4.5)
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where underlined indices are anti-symmetrized. Moreover, one can notice that the action of
(non-)geometric-fluxes via <, > and e on a p-from changes the same into a (p + 1)-form,
a (p — 1)-form and a (p — 3)-form respectively. Using these generic definitions, the three-forms
pieces, (v, G%) and (Q* T,) appearing in the superpotential (2.13) are expanded as under,

1 . .
(@0 G*) = 7 (@q Gijidx’ Adx? Adxk,
~ 1 4 . .
(0% Ty = g(Q"‘ To)ijk dx' Adx? A dx* (4.6)
where
3
(@a Gijk =3 i Guig + 5 omii™ G ju

~ 3 1
(0% Tow)ijk = 3 O™ Tinnjiy + 5 On™" Tujijk) - 4.7)

The details of the enumeration of various flux and moduli/axion’s components are summarized in
the Appendix A, and guided by the type II orientifold results of [28], one finds that the even/odd-
indexed flux components can be equivalently combined as follows,

Hijk = Hijk + 3 @ix" Buk) =3 Q™" B j Buk)
U jk =0 jk =2 01" Bugy — R™ B Bug)

Q=0 = R By, (i, jhe(l,2,...,6)

Rijk — Riik 4.8)
Here we also point out that, these flux orbits are very similar to those of type IIA compactified
on T®/(Z, x Zy) orientifold [28] except an additional pieces R™" B,,[; B, Bpk) contributing
to the H-flux orbit. One should note again that Rlmn Byji By j By piece of H-flux orbit trivially
vanishes as a reflection of the fact that intersection number l%abc with all three indices being odd,
vanishes by the orientifold construction itself. Further, despite of the presence of flux components
of kind w,,;"* and Q™" , in present setup, we find that contributions of type wu,[;"" B ] as well
as Q™" Byji Bji to the flux orbits, which could have been expected from the most generic
definitions in (4.7), are simply zero.

4.1.1. Rewriting the superpotential (W)

In our present setup, the overall structure gets much simpler because of the absence of com-
plex structure moduli as h*! (X) = 0. This helps in writing both of the symplectic cohomology
bases (Ax, B¥) and (ak, b¥X) as a constant linear combination of elements of real cohomology
basis (a7, B7) given as under [45]

i
ar=-3 <dzl ANdZE AdF — d7! /\de/\dz3) =B+ gl p2— B
1
b =3 (a2 nd2 AdZ + a7 A AP N ) =0+ o — a3

1
A0=§(dz‘ ANdZ2ANdZ +d3! /\de/\dZ3)=ao—a1—ot2—ot3

BO = —% (dzl ANdZ2 AdZ —dZt AdP A dz3) =0+ B+ 2+ B 4.9)
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where the following notation have been considered,

ocozdxl/\de/\dxs, ﬂozdszdx4Adx6,
alzdxl/\dx4Adx6, ,31=dx2/\dx3/\dx5,
Otzzdszdx3/\dx6, ,BzzdxlAdx4Adx5,
a3 =dx*> Adx* Adx, B =dx' Adx® AdxS. (4.10)

Subsequently, one can represent all the NS-NS flux components as H;ji, w; jk s Qij ©, RV k and
RR flux components as Fjj. In this new basis we have,

Q= L [(ao—iﬂ()) - (al —iﬁl) - (az—i,B2> - (Olg —i,33>:| 4.11)
ﬁ 2 ’
where f ar A B S = fé IJ following from the definition of integration over the six-form ®g

given in eqn. (2.2). The normalization i f x 23 A Q3 = 1 remains intact as f = 1/4 for the
present orientifold. After utilizing the various non-vanishing components of all the (non-)geo-
metric fluxes, the explicit form of superpotential (3.10) becomes

W =+2x [<F246 + T Hyse + G* (_CUlSl + wi16! + wos! +a)261) + Gl (—w3s' + wae")
+ QP4+ 0" T+ (01— 0%, - 0" - 0" T - Q136T3)
. 2 1 1 1 1 1 1 1
+i <F135+fH135 — G (w15 +wie +wrs —wr ) — G (w36 +was')

—(QP3 =0T+ (01 + 0, + 0" - 0") b + 05 n)} . (412

Now, with the expansion known, it is easy to make the following connections for the two super-
potential expressions (3.10) and (4.12) which are the same [45],

g0 = <w151 — 16! — wps' _w261> 0 <—w15l — 16" — ws! +wz6l>
a0 =

, Wy =
CU35l _w461 “ _CU36l _0)451
and
. —0B4— 0% .0 —0B3 4 0%
0% =(-01+0%+0% +0'% ), 0= 0" +0%,+0'%-0'% ).
Q136 Q135

4.1.2. Rewriting the D-term scalar potential Vg)

For computing the D-term contribution to the scalar potential, we first need to know the holo-
morphic gauge kinetic couplings. For that let us follow the strategy of [45] by considering the
expansion of holomorphic three-form €23 before the orientifold projection has been made. In this
case, the single complex structure modulus appears as a deformation in one of the coordinates of
the complex threefold via z3 = x> 4+ U x®. Subsequently, using the definitions of z!' and z? from
eqn. (2.17) along with the modified z* coordinated as above, we find that,

dz' ANdZ2 AdP = |:(oz0+iUot1 +iUa—o3) + (—Uﬁ°+iﬁ1 +i/32+U,33):|,
(4.13)
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where we have used the definitions of o; and B/ as given in eqn. (4.10). Further, using eqn. (4.9),
we can rewrite the above form in terms of the complex bases of even/odd (2, 1)-cohomology as,
1-iU i—-U
Ao+iB°) —ibY|. 4.14

> [( 0+iB)+ @ —ib) (4.14)
Under the orientifold projection, the complex structure modulus gets fixed as U =i, and there-
fore the second half piece corresponding to the even (2, 1)-cohomology bases vanishes. Recalling
the fact that we have fixed the normalization after the orientifold projection in such a way that
Qgﬂ = % (Ao + i B°), and for having a consistent normalization throughout, we can trace back
the appropriate expression of the holomorphic three-form €23 in the present case as under,

(0) V2 1 2 3 1 cp0 1
Qy =———dz NdzZ"Nd7=—| A B
3 T—iU z z Z ﬁ[ 0+1 +1_

Now comparing the above form with the generic one as given in the eqn. (3.16) we find that
Gy =i X!, and after using eqn. (3.17), we get

dz' ndZP ANdZP =

U
iU(a] —ibl):|. (4.15)

i 0 1
G=—=— =_. 4.16
a 2<3X1g1)az2(1=0 2 1o

Subsequently, using the expressions (4.8) of flux orbits and the constant gauge kinetic coupling
being 1/2, one gets the following additional pieces in the total D-term contributions [45],

1
Vh' = [(4VE + 13 QsbY 4 5bD)) R 4135k (0% = 0'%+ 0% + 0'%)
S
E

15 16 1 1 1 1 1 1
+135b (Q73+ 0 774) —t15s (w36 —was ) —hs(—wi5 —wie + w5 —wi )

2
. t33w145] + [(4125 + 13 Q25D +sb§)) R35 _135b, (0154 — 0'%)

2172
s=Vg

15 15 16 16 1 1
13015 (=071 =02+ 01— 07"2) —t15(w35s +wie)
2
1 1 1 1 5
—bhs(—wi5 +wig — w5 —wp )—l3sw13} .

From this, one has following relations of the even-indexed flux components in the matrix formu-
lation [45],

1 1 1 1
X w35 + w46 w36 — W45
Al 1 1 1 1 A 1 1 1 1
Wy =| —w15 +wie —wrs —wWp |, Wal =| —®15 — w16 + @25 — w26
-3 w14’
and

0" = -0 -0+ 0" - 0% 0% = 0% — 0+ 0" + 0%
= —Q154+Q163 , 1 Q153_|_Ql64 .

4.2. Rewriting the four dimensional scalar potential

Now, using these flux orbits (4.8), let us write the following pieces, which we will verify to

be a ‘suitable’ rearrangement of the total scalar potential subject to satisfying a set of Bianchi
identities (4.1),



P. Shukla / Nuclear Physics B 902 (2016) 458482 475

) 1 KK
VHH=% ;Hiij 'k/gE gE gE

1 1 ) g

1 1 .
VHQ = % |:(+2) X (2'Hmm Qi m glé )]

VrF = Ve 37 Fijk i e g gt/ g

1 1 1 ij
Vi = — |:(+2) x (- X5 F,jx £4Kmn Hlmn>j| = Generalized tadpoles

1 1 | R i
Vrg = Vi [(—I— ) X <— X |(@i/ k Fjsj o,gmn Sgklm" )] = Generalized tadpoles

4.17)
and
_ 1 1 Rijk Ri/j/k/ E E E
VRr = 25 | 31 8ii 8j 8k
1 1 k K i’ Ji’ E 1 m n i’
Vos = |3x |50 Oirj" gr &5 & ) + 2% | 550ui" Omir” g
VE 3! 2!
1 Lo mni i/ E
VRU = E (+2) X 5R Umn 8ii (418)

where Fjji = (Fijk +3 @[i;" Cuig =3 Q1" B j Caiy + 5 Q™ Cff;i,k]) + coHijx has been
utilized.
In order to understand and appreciate the nice structures within the aforementioned expres-

sions, we need to supplement the following,

e We have utilized some Einstein- and string-frame conversion relations given as Vg =
s32 V), gl] = gij /s and g} = g"/ //5. The metric is given in eqn. (3.6).
o The Levi-Civita tensors are defined in terms of antisymmetric Levi-Civita symbols €;;jxmn
and the same are given as: gljklmn = /lgij| €ijximn = (4VE) €ijximn While Sljklm” =
‘Jklm”/,/lg,-j = €l/Kmn 1(4p). The presence of extra factor of 4 is attributed to the in-
tersection numbers in eqns. (2.2)—(2.24), and one has to take care of this throughout for
dimensional oxidation process.
e Further, the symbol olgmn denotes the Einstein-frame volume of the four-cycles written in
components of the real 6D basis of the internal manifold.

Now, we verify the claim that eqns. (4.17) and (4.18) indeed represent the same 4D scalar po-
tential by providing intermediate connections. The first six pieces given in eqn. (4.17) consist
of terms which come mostly from the F-term contribution Vg, while the last three pieces in
eqn. (4.18) consist of terms which are mostly coming from (a part) of D-term contributions
which was earlier mentioned as Vl()l). However, it is important to state that there is still some
small mixing between these two sectors of F- and D-term contributions.
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The expressions of Kdhler potential (3.9) and the superpotential (4.12) allow one to compute
the effective four-dimensional scalar potential which results in 1302 number of terms via the
F-term contributions. It is important to mention that due to the complicated nature of this orien-
tifold setup, unlike the case of T®/(Z, x Z), we do not have a well separated rearrangement of
pieces to catch inside Vr and Vg) independently. Nevertheless, we still find that some pieces are
nicely separable as follows,

{VHH, Ver,  Vur, V]F@} C Vr,
#Vum) =76, #(Vpp) =520 #(Vgr) =200, #(Vpg) =292. 4.19)

Singling out such cleanly separable terms in pieces of (4.19) takes care of a huge number of
terms, and so helps a lot in analyzing the remaining terms. The counting of these terms goes such
that out of a total of 1302 terms of F-term contribution, we are able to rearrange 1088 terms in
what we call a cleanly separable suitable form (for oxidation purpose). Thus we are only left
with 214 terms of Vg, which are clubbed to form other flux-orbits after being added with Vl()l) s
and leaving behind some terms canceled by Bianchi identities. The type of terms which could be
captured into the form of what we call ‘suitable’ rearrangement are indeed in the form as under,

Vi + Vyy) = Ve + Ve + Vi + Veg + Ver
+ Voo + Vo + Vig + Ves + -« (4.20)

where dots denote a collection of terms which are canceled by using the Bianchi identities (4.1).
Interestingly, we find that R-flux contributions coming from D-term VI()I) can be written in a very
similar fashion to those of other pieces. Note that, although the terms Vg, Vs, Voo and Vires
are not as cleanly separated, nevertheless they are indeed part of Vr + Vg) subject to satisfying
a set of Bianchi identities (4.1).

Following the strategy of [29], we deliberately seek for topological terms Vyr and Vgg in
our rearrangement, because of the fact that such terms can be nullified via adding local source
contributions such as brane/orientifold planes. Thus we propose additional D-term contributions
for these local sources written with new generalized flux orbits to have a form as under,

Vl()z) = —Vur — Vrg D {VrH, VFw. Vi, Bls} (4.21)

As it has been seen in [29] also, this piece V[()z) not only has contributions from various
3/5/7-branes and 3/5/7-orientifolds but also involves some mixing of the other flux-squared
pieces (killed via NS-NS Bianchi identities) while being written in terms of the new general-
ized flux orbits instead of usual generalized fluxes.

Finally, we conclude this section with the following rearrangement of total four dimensional
effective scalar potential subject to satisfying a (sub)set of Bianchi identities (4.1),

Vier =V + V) + VS = Vi + Ve + Ver + Voo + Voo + Vg + Veo, (4.22)

where various pieces are elaborated in eqns. (4.17)—(4.18).
4.3. Dimensional oxidation

Following the strategy of [28,29], we are now in a position to propose a dimensional oxidation
of the four dimensional scalar potential (4.22). The rearrangement of the total potential is already
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made to what we call a “suitable” form. Assuming all the fluxes to be constant parameters ap-
pearing as constant fluctuations around the internal background, now all we need to do is to fix
the correct coefficients of the integral measure of the 10D kinetic terms. For that, we consider
that the non-vanishing components of the 10D metric in string frame are

. e
gmn = blockdiag (7 Zuve 8 j) , (4.23)
N

where g, denote the 4D Einstein-frame metric. Subsequently, the ten-dimensional integral mea-
sure simplifies to,

1

/dlox\/—_g(...):/d“x,/—gw (W) X (/de«/—gmn> x (...)
4
2/d4x,/—gw x <W) x (..., (4.24)

as [ d%x /=gmn = 4V gives the string-frame 6D volume by using the string-frame version
of the metric components given in eqn. (3.6). Just to recall that a factor of 4 appears due
to choice of normalization following from the definition of integration over the six-form &g
given in eqn. (2.2) where f = 1/4 in the current setup. Now the string frame version of the
ten-dimensional action, which reproduces the four-dimensional scalar potential (4.22) upon a
dimensional reduction, can be conjectured to have the following form,

1
§=3 / d"% /=g (Lew + Lom + Lo + Log + Lrr + Lag + L2v) (4.25)
where
2011 I
e ’ ’ ’
L = ——— | 3;Hijc Hijre 8" 8" g ]
—2¢ r 1 G 1 .
e ’ ’ ’ ’
L =— > 3 x (5 Uif B gt gl gkk/) +2x <56m’" Omi'" &" )}
L __ﬁ_3x l@ij@i/j’ oo ) 42 x i@ niQ,m g
QQ = B 30 k k- 8ii'8jj'8 oy em n 8ii
2 i
e 1yt
Lrr = — 5 ER”k RYK g gjj’gkk’]
L __6_2¢ —( 2 lH 0. mn _ii
HQ = ) +2) x o1 mni Ql’ 8
L __€_2¢ [ 2 lRmniU i
RU = ) (+2) x 2l mn  &ii’
1 1 ey s/ a
Loz =—7 [;Fuk Fiju 8" g/ g ] (4.26)

Now, the (inverse-)metric components are written in string-frame. This completes our goal of
implementing odd axions B;/C> into the dimensional oxidation process proposed with non-
geometric Q-fluxes in [28], and further generalized with the dual P-fluxes in [29]. Moreover,
the ten-dimensional pieces given in eqns. (4.25) and (4.26) can be further connected to the ten
dimensional DFT action on the lines of [28].
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5. Conclusion

Following the strategy of [28,29], we have implemented the presence of involutively odd-
axions in the dimensional oxidation process. Considering an explicit example of type IIB
compactification on an orientifold of o /Z4 sixfold, we have first invoked a new version of
generalized flux orbits previously proposed in [28] which have led to a possible rearrangement
of the four dimensional scalar potential. This scalar potential has various (what we call) ‘suitable’
pieces which suggest to conjecture a ten-dimensional non-geometric action. As opposed to the
most of the previous studies with Type IIB compactification on T®/(Z, x Z,)-orientifold, this
analysis with T®/Z4-orientifold has not only included odd-axions via having hl! (X) #0 but at
the same time, it has also incorporated the additional D-term contributions which helps in inclu-
sion of non-geometric R-flux to have a broader framework having all NS—NS fluxes. This has
been possible via considering the orientifold involution o such that hi_’l (X) # 0 as opposed to

the standard approach of studying type IIB-orientifold compactification with h%1(X) = h*! (X)
in which cases, the R-fluxes could not be turned-on. In support of the proposal made in [28], the
ten dimensional pieces as given in eqns. (4.25) and (4.26) should be valid beyond the present
toroidal model, and the dimensional reduction on a generic orientifold of a complex threefold
should induce all the respective F- and D-term contributions (subject to satisfying a set of
Bianchi identities) in the four dimensional scalar potential. On these lines, this work may be
considered as another step towards understanding the ten-dimensional origin of the most generic
non-geometric 4D type IIB supergravity action equipped with all standard as well as (non-)geo-
metric NS-NS and RR-fluxes, and we hope to get back to it in near future.
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Appendix A. Components of fluxes surviving under the orientifold involution

Here we recollect various components of fluxes and p-forms which survive under the orien-
tifold involution [45],

o NS-NS H;-flux:
Hiss, Hpus, Hyae, Hose, Hoae, Hize, Higs, Hp3s
where
Hi35 = —Hy45 = —Hi46 = — Ha36,
Ho46 = —H136 = —Hi45 = — Hp3s (A.1)
o R-R Fj3-flux:
Fi3s, Fas, Fiae, F236, Foa6, F136, Flas, F235

where
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Fi35 = —F45 = — Fi46 = — F36,
Fra6 = —F136 = —F145 = —F235

° Geometrlcw -ﬂux'

1 2 3 4 1 2 3 4 1 2
W15, Wi5, W36, Wy, Pg, Wogs W35, Wy5, Wos, W5,

3 4 1 2 3 4 1 2 3 4
Wye, W36, W6y W16y Wys, W35, W35, Wys, W, W16,

1 2 3 4 1 2 3 4 1 2
W36, Wy, W5, W15, Wy5, W35, W16, Wogs Waes D36,

3 4 5 5 6 6 5 5 6 6
W15, Wos5, W3, Woy, Wiy, Wr3, Wiy, W33, W13, Wyy

where
‘0{5 = —a’%s = _wge = wﬁev w}6 = —a’%s = w§5 = _wisv
‘055 = w%s = _w26 =- w§6’ wéé = ‘U%s = wis = w§5,
w%s = _0%215 = —wgs = —w?@ w%e = w46 = wzs = w?sv
w}ts = w§5 = w%a = —wés» w}m = 0),%6 = —‘U?s = wgs’
‘0?3 =- a)§4 = w?4 = a)§3, w?4 = ‘033 = “’?3 = ")g4

e Non-geometric Q;’-flux:

01, 05, 03°, 0. 01 03°. 07

03, 03, 01°. 0)°. 0%, 07, 07,
01°, 03°, 07, 0. 0. 03°. 01°

0y, 07, 08, 03*, 0¢*. 0F. 0!

where

0P =-07=01=-0{° 0/°=
Q5=Q?=Q?:Q?,Q%=Q
07’ =-07=03"=0) 0{°=-07°
0P =07 =-0:"= 0%, 01°=05°
0y =-03'=-0s'=-0¢, o4

o Non-geometric R*/*-flux:

= 0%

Q

R]35, R245, R146, R236, R246, R]36, R145, R235

where
RI135 — _R245 _ Rl46 _ p236
R246 _ _p136 _ pld5 _ p235
o NS-NS B;-field:

B12, Bi3, Bi4, B3, By, Bia,

where

25
=_Q4

13
= 0P =

479

(A2)

(A.3)

(A.4)

(A.5)
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Bip =—B33=b,
Bi3=—Bi4= B3 = By =b (A.6)
o R-R C-field:

Ci2, C13, Cia, Co3, Co4, Cs4,

where

Co=—-Cu=c,
Ciz3=—Ciu=Cn=Cu=c (A7)
o R-R Cy-field:

C1234, C1256, C3456, C1356, C2456, C2356, C1456,

where

C1256 = C3456 = p1,
C1356 = Cr456 = —C2356 = C1456 = 02
Ci234 = p3 (A.8)
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