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T-dualizing de Sitter no-go scenarios
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In the context of realizing de Sitter vacua and the slow-roll inflation, several no-go conditions have been
found in the framework of type IIA (generalized) flux compactifications. In this article, using our recently
proposed T-dual dictionary [P. Shukla, A dictionary for the type II non-geometric flux compactifications,
arXiv:1909.07391], we translate various such type IIA no-go conditions that subsequently lead to some
interesting de Sitter no-go scenarios in the presence of (non)geometric fluxes on the dual type IIB side. We
also present the relevance of using K3/ T*-fibered Calabi Yau threefolds in order to facilitate one particular
class of the de Sitter no-go conditions. This analysis helps in refining certain corners of the vast
nongeometric flux landscape for the hunt of de Sitter vacua.
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I. INTRODUCTION

Recent revival of the swampland conjecture [1,2] has
boosted a huge amount of interest toward exploring the
(non)existence of de Sitter vacua within a consistent theory
of quantum gravity. The original idea of swampland has
been proposed to state that de Sitter solutions must be
absent in a consistent theory of quantum gravity [3]. This
idea has recently been endorsed as a bound involving the
scalar potential (V) and its derivatives given in the follow-
ing manner:

@ > (1.1)
P

where the constant ¢ is an order one quantity. This
conjecture has been supported by several explicit com-
putations in the context of attempts made for realizing
classical de Sitter solutions and inflationary cosmology
in the type II superstring flux compactifications [4-23].
Note the de Sitter maxima as well, and several counter-
examples were known [7,13,24-26] or have been
reported soon after the proposal was made [27-37]
reflecting the need of refining the de Sitter swampland
conjecture in Eq. (1.1). Subsequently a refined version
of the conjecture has been proposed which states that at
least one of the following two constraints should always
hold [38]:
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where ¢ and ¢’ > 0 are order one constants. Note that
these two parameters can be related to the usual infla-
tionary parameters, namely the ey, and 5, parameters,
which are needed to be sufficiently small for having the
slow-roll inflation (e.g., see [6,39,40]),

ey > =c?, lnyv| < ¢'. (1.3)

N =

Therefore, it is rather quite obvious that the conjecture
(1.2) poses an obstruction not only to realizing de Sitter
vacua but also to realizing slow-roll inflationary scenar-
ios, which demands ¢y < 1 and |ny| < 1. However, this
definition of the ey parameter follows from a more
general definition given in terms of the Hubble parameter
as ey = —H/Hz, which only needs to satisfy ey < 1 for
having an accelerated universe. This leads to a possible
window circumventing the conjecture in the multifield
inflation with turning trajectories [40,41]. Moreover,
given the fact that no universal theoretical quantification
of the ¢ and ¢’ parameters being available (though some
experimental estimates have been reported in [42]),
the order one statement may still keep some window
open [43,44].

The question of realizing de Sitters is twofold; the first is
about its existence and the second is about the stability, and
a plethora of interesting models have been proposed on
these lines [4,5,8-10,12,13,15,16,20,26,45]. The swamp-
land conjecture [3] has also been found to be in close
connections with the allowed inflaton field range in a
trustworthy effective field description as it has been argued
that a massive tower of states can get excited after a certain
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limit to the inflaton excursions [45—-59]. The recent surge of
developments following the recent swampland proposal
can be found in [27-37,41-44,60-69] with an extensive
review on the status in [70].

Contrary to the (minimal) de Sitter no-go scenarios, there
have been several proposals for realizing stable de Sitter
vacua in the context of string model building [71-83]; see
[84,85] also for the F-theoretic initiatives taken in this
regard. In fact, realizing de Sitter solutions and possible
obstructions on the way of doing it have been the center
of attraction for decades.' Moreover, some interesting
models realizing de Sitter vacua in the framework of
nongeometric flux compactifications have also been pro-
posed [11,14,87-96]. However, the issues related to fluxes
being integral and whether they satisfy all the NS-NS
Bianchi identities or not can still be considered to be among
some open questions in this regard. In fact, it has been
observed that the Bianchi identities are not fully known in
the beyond toroidal examples as there have been some
inconsistencies observed in two ways of deriving the
identities [97-101].

Motivations, goals, and a brief summary
of the results

Several de Sitter no-go theorems on the type ITA side
have been well known for a decade or so [5,6,8,15], which
have also been studied for the type II nongeometric
compactifications using a simple isotropic torus case in
[11,87]. With a goal of extending the nongeometric flux
phenomenology beyond the toroidal cases, the study of
generic four-dimensional type II scalar potentials and their
ten-dimensional origin have been performed in a series of
papers [102-107]. Taking this program one step further, in
a companion paper [108], we have presented a one-to-one
T-dual mapping of the two type II effective scalar poten-
tials, along with the flux constraints arising from the
NS-NS Bianchi identities and the tadpole cancellation
conditions, which are also in one-to-one correspondence
under 7-duality. The main motivations and the goals aimed
for in this article can be presented under the following points:

(i) Our so-called “cohomology” or “symplectic” for-

mulation of the scalar potential presented in [108]
opens up the window to study the nongeometric
models beyond the toroidal constructions, and also
enables one to explicitly translate any useful find-
ings of one setup into its 7-dual picture. On these
lines, we plan to 7T-dualize the several de Sitter no-
go scenarios realized in some purely geometric
type A frameworks [5,6,8,15]. This helps us in
delving into their type IIB counterparts, which turn
out to be nongeometric de Sitter no-go frameworks,

'For an updated recent review on realizing de Sitter solutions
in string theoretic models along with the status on quintessence,
we refer the readers to [86].

and those have not been known before. The utility
of our approach can be underlined by the fact that
although the type IIA no-go scenarios have been
known for more than a decade, there have been no de
Sitter no-go proposals in the generic nongeometric
type 1IB framework.

(i1) In our analysis, we show the relevance of consid-
ering the complex structure moduli in deriving the
T-dual type IIB no-go conditions. Note that all the
type IIA no-go results in [5,6,8,15], which we T-
dualize, are realized using the extremization con-
ditions only in the “volume/dilaton” plane, and
without taking into account the complex structure
moduli sector. This illustrates that any claim of
evading the no-go originated from the volume/
dilaton analysis should be checked by including
all the remaining moduli.

(iii) On the lines of classifying type IIA and type IIB
models based on their (non)geometric nature via
turning on a certain set of fluxes at a time, we present
an interesting recipe that corresponds to considering
what we call some “special solutions” of the NS-NS
Bianchi identities. These solutions are such that they
lead to a purely geometric framework as a 7-dual of
a nongeometric setup on either of the respective IIA
or [IB sides. In particular, the type IIA nongeometric
model with fluxes allowed as in the special solution
of the Bianchi identities is 7T-dual to a purely
geometric type IIB model, which has been known
to have de Sitter no-go scenario [16,29], and
subsequently our analysis concludes that the corre-
sponding 7-dual type IIA model despite having the
nongeometric fluxes (still allowed by the special
solution) cannot evade the no-go result.

This shows that our approach will be useful for
playing with constructing models in search of the de
Sitter no-go or against those no-go arguments, given
that the most generic nongeometric setup could still
be expected to evade the no-go, though there are
several specifics to be checked in a given model
before arriving at any final conclusion.

(iv) In addition to finding the (non)geometric flux
regime or the types of fluxes needed to evade a
certain kind of de Sitter no-go result, we also find
that if there are some specific geometries involved,
such as the K3/T*-fibered complex threefold, then
there can be a restoration of the no-go results despite
the inclusion of those fluxes which apparently could
be anticipated to evade the respective no-go results.
We illustrate this observation for explicit type ITA
and IIB toroidal nongeometric setups.

So, our results can be considered as providing some
systematics about constructing de Sitter no-go scenarios
along with the recipes to find the possibilities of evading
them, and at the same time, in looking for some specific
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geometries of the moduli space which could again restore the
de Sitter no-go result, despite the presence of those fluxes that
are naively anticipated to evade the no-go. Thus, our analysis
presents a playing ground for constructing/evading the de
Sitter no-go scenarios.

The article is organized as follows: In Sec. II we present
some interesting solutions of the NS-NS Bianchi identities
which we further use for deriving the no-go conditions in
the upcoming sections. Section III presents a type IIA no-
go with standard fluxes and its 7-dual type IIB counterpart,
which includes nongeometric fluxes as well. In Sec. IV first
we rederive the fact that one can evade the type IIA no-go-1
with geometric fluxes and Romans mass, and then we 7-
dualize it to study the type IIB counterpart. Section V
presents the relevance of the K3/T*-fibered Calabi Yau
threefolds, which help in finding a new class of de Sitter no-
go scenarios in both the type II theories. Finally we
conclude with the results and observations in Sec. VI.

Note: Let us mention at the outset that we will follow the
T-dual dictionary from a companion paper [108], which
includes the necessary ingredients of the generic formulation
of the four-dimensional scalar potentials for the type ITA and
the type IIB supergravities with (non)geometric fluxes, and
this dictionary is placed in the Appendix. For the current
interests in this article, we will directly utilize the scalar
potential for the possible applications in the lights of de Sitter

|

(I) H',, = Hpwk,

10, — 1. Ak n, Ak
(IT) H'Q"; = H;Q™, W Was = W Wy
Qa/}W(zk = Qaﬂwa/l’

Wa/lQap = Qa/lwap’

Qajwaﬂ — Wa]%Qakv

~ Ak Aa ~ &
WaﬁQa = Qa/lwakv

(II1)

and inflationary no-go scenarios. Though we attempt to keep
the article self-contained, we encourage the interested read-
ers to follow the other relevant details if necessary, e.g., on the
superpotential, D-terms, directly from [108].

II. SOLUTIONS OF BIANCHI IDENTITIES

In this section we aim to present some interesting
solutions of the Bianchi identities satisfied by the various
fluxes of the type IIA and IIB theories. The full list of
allowed NS-NS fluxes, namely {H,w,Q,R} in type IIA
and {H,®, Q,R} in type IIB along with the RR fluxes,
namely {Fy = mg,F, = m“ F, = ¢,,Fs = ¢y} in type IIA
and {F,, F;, F',F°} in type IIB, and their T-duality
relations are collected in Table I, which has been adopted
from the Table VIII of the 7-dual dictionary given in the
Appendix. Here the flux as well as various moduli are
counted via the Hodge numbers as a € {1,2, ..., hil hae
{1,2,....h} on both sides, while A € {0,1,2, ..., A%'}
andJ,K € {1,2, ..., hi’l} on the type IIB side, whereas the
splitting of the complex structure indices on the type IIA
side is such that the k and A sum to h*!. The various fluxes
appearing in the four-dimensional type IIA supergravity are
constrained by the following five classes of NS-NS Bianchi
identities [108]:

n DA Ao oA 1
WakQak = Qakwak >

R*H; — H'R; + w,'Q%; — Q“w,; =0,

H[]}ngr] + Qa[]}Walg/] =0,

HPR? + Qeltw, Pl = 0,

(IV) R, =Ryt Q“Q%, = QQ%,
(V) RAQ% =RQ™ 2.1)
Similarly on the type IIB side, we have the following five classes of Bianchi identities [98]:
(1) Hyol = Hoy,
(IT) H*0,“ = H\Q™, w0, 0pp = O W, W gk = Wy~ Dax,
(D) 0, Q™ =0, 0%, 0k = k0.
H\Rg 4 0,00k + Q% \@ux =0, H*Rg + 0,2 Q% + 0™y = 0.
HARK + 0,07 + 0%\, K =0, HARK + 0,20 + 0% K =0,
(IV) RK&)(IK = RKCDaK, QaAQﬂA = QﬂAQaAv QaKQbK = QbKQaKa
(V) RxkQ™ =R*Q%. (2.2)

First we argue how choosing a certain type of involution can project out many flux components and hence can indeed
simplify the generic set of identities, for which finding solutions becomes rather easier. Moreover, we present another set of
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TABLE 1. T-duality transformations among the various fluxes
and complex variable.

Type IIA Type IIB with D3/03
with D6/06 and D7/07
F-term fluxes H,, H,, H, Hy, .0, 0%,
Wa0> Waks Wala Hi’ @Dyis Qat:’
an’ Quk, QM, Hi, wai’ Qaz,
Ry, Ry, R, -H’, —0,°, =0,
ey, e,, MY, Ny. Fy, F;, F', —F°,

0 k »
Wa's Wa's Wazs
Aa0  Aak Aa
Q™, Q*, QY.
NO, Nk, U,, Te.

D-term fluxes —Rg, —0%, &uk»

K K A K
—R"%, =0, &,".

Complex moduli S, G4 T, U'.

solutions that we call a special solution for both the type
ITA and the type IIB theories. They are very peculiar in
many aspects as we will elaborate later on.

A. Simple solutions

The set of type IIA Bianchi identities given in Eq. (2.1)
suggests that if one chooses the antiholomorphic involution
such that the even (1,1)-cohomology sector is trivial, which
is very often the case one considers for a simple phenom-
enological model [99,107,109,110], then only the follow-
ing Bianchi identities remain nontrivial:

R*H; — H'R; + w,*Q% — Q*w ; = 0,
H[/}ng] + Qa[lzwalg’] =0, HVR/! + Qtl[iwap] =0.
(2.3)

In such a situation, there will be no D-term contributions
generated to the scalar potential as all the fluxes relevant for
D-terms have a € hL] indices, and hence are projected out.

For the T-dual of the above type IIA setting, one needs to
look at the set of type IIB Bianchi identities given in
Eq. (2.2), which suggests that if one chooses the holomor-
phic involution such that the even (2,1)-cohomology sector
is trivial, then only the following Bianchi identities remain
nontrivial,

Hyo,* = H oy, HMQ\* = H\Q™,

A _ A
Wy Wpp = W Wy,

waAQ”A — a)aAQa/M QaAQ/iA _ Q/}AQH/M (24)
which are in a one-to-one correspondence with those in
Eq. (2.3). In such a situation, there will be no D-term
generated as all the fluxes with {J, K} € h%' indices are
projected out. Moreover, on top of this if the holomorphic
involution is chosen to result in a trivial odd (1,1)-
cohomology, which corresponds to a situation with the

absence of odd moduli G* on the type IIB side and is also

very often studied as a case for being simplistic in nature
(e.g., see [100,110-112]), then there are only two Bianchi
identities to worry about, and they are given as

QaA Q/}A — Q/JA QGA-

This further simplification on type IIB side corresponds to
the absence of N¥ moduli on the type IIA side, and so is the
case for the corresponding fluxes that couple to N* through
the superpotential. This leads to two Bianchi identities on
the type IIA side which happen to be T-dual to those
presented in Eq. (2.5) and are given as

HMQ\* = H 0™, (2.5)

R*H, — H'R; + w,*Q%) — Q“w,y = 0,

HIR? + Q4w = 0. (2.6)

These ‘““simple” solutions of the Bianchi identities based
on some specific choice of orientifold involution leads to
some interesting scenarios in both type IIA and type IIB
theories.

B. ITA with special solution =11B
with geometric-flux =3 dS no-go

From the set of type IIA Bianchi identities given in
Eq. (2.1), one can observe that several Bianchi identities
appear in the form of orthogonal symplectic vectors and
therefore half of the flux components can be set to zero by
performing appropriate symplectic rotations.” The same is
equivalent to setting some fluxes, say those with upper 4>!
indices, to zero as we present below,

H =0, w0 =wkt=wsi=0,
Rl — O, Qa() — Qak _ Qa/l —=0.

This is what we call the special solution. Now, using these
special flux choices in Eq. (2.7) results in the fact that all
the type IIA Bianchi identities except the following three
are trivially satisfied:

(2.7)

HjoRy + Q%powa) =0,
Hu Ry + Q% pwar) = 0,
W{lﬂQa/; = Qaﬂwaﬂ'

This makes a huge simplification in the generic compli-
cated flux constraints. Now considering the 7-dual of the
type ITIA special flux choice, as given in Eq. (2.7), turns
out to be equivalent to switching off the following flux
components on the type IIB side:

(2.8)

an = Qai =0Q%=
Qai — QaO — QaK =0,

RK :0,

RK =0, (2.9)

See [97,98,113] also, for more arguments in this regard
relating to dyonic Black hole charges.
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which means setting all the nongeometric (Q as well as R)
fluxes to zero on the type IIB side. Moreover, using the 7-
dual flux choice on the type IIB side as given in Eq. (2.9),
one finds that the set of Bianchi identities on the type IIB
side are reduced into the following three constraints:

A A A _ A
HAa)a =H Wpgs Wy Wpp = Dy Wy,

&)(IK&)/)’K = &)/JK&)(IK’ (210)
which is very much expected as there are no nonzero Q and
R flux components present in the current setting. As a side
remark, let us point out that if the involutions are consid-
ered as per the choices earlier explained as simple sol-
utions, i.e., those without D-terms, then there remain just
two identities on the two sides,

ITA : H[ORk] + Q¢ 0Wak] = 0,
1B : Hyw=H'o,,

Hj Ry + Q% pwar) = 0,
qua)bA = C’)hAwaAv
(2.11)

and even the above ones are absent if one sets a = 0, i.e.,
no G moduli in IIB and equivalently no N¥ moduli in IIA.
Thus with some orientifold setting one can have special
solutions in which all the Bianchi identities are trivial. Note
that all these identities are well in line with the 7-duality
transformations inherited from their generic structure
before taking any simplification.

A no-go condition for de Sitter
and slow-roll inflation

As we have seen, the type IIA nongeometric setup with
the special solution leads to a type IIB setup without any
nongeometric flux. Now, following from Table XI of the
dictionary in Appendix, the type IIB scalar potential can be
expressed as a sum of the following pieces:

e A A y
Vis = 0 5 +UFGfT +UFGIf +U(f)?].
e . , N
VNS — ey (R} + UR'G;;h + Uh,GTh; + U (h°)],
NS2 e ab Lty i i
B = 177, VG| haohpo +Tha hy! + hgihyju'u
Lo
— Z/luihaohbi - Z/luihhohai>] s
loc e 0 i i 0
Vig :2—]/2[f ho = f'h; + fih' = foh],
e

Vi = 432 [0 (has G g+ e’ G, (2.12)

where fo. fi. 50 ho by b RO g by b0 by g, and
lAaaK are the axionic flux orbits as defined in Table X.
However, as they do not depend on any of the saxions, it is
not relevant to give their explicit lengthy details. Also note
that in this orientifold we have the following axionic flux
orbits of Table X being identically zero on the type IIB side:

@y = h% = h* = h* =0, hi’ = W0 =0, (2.13)
For studying the scalar potential in Eq. (2.12), let us extract
the volume factor by introducing a new modulus p via
defining the two-cycle volume moduli as t* = py® where y*
is the angular Kihler moduli satisfying the constraint
faﬂ],y”yﬂﬁ = 6. This leads to the overall volume being
given as V = p* and the volume dependent moduli space
metric being simplified as

N 1 A
gab - _fab = _;) (l/ﬁaabya)_l' (214)

Also note that the moduli space metric G'X and its inverse
G,k are independent of any of the volume moduli, and in
particular on the p modulus as well. Subsequently the scalar
potential can be expressed as

where defining a new variable 7 = e~?\/V = ¢~?p>/2, the
above four pieces are given as

V—Al V—A2 V—A3 V—A4
=4 2—sz3’ 3—sz’ 4_T3p3/2'
(2.16)

Here A;’s depend on the complex structure moduli and the
angular Kihler moduli but not on any of the 7 and p moduli.
In addition, one has A; > 0, A, > 0; however, signs of A;
and A, are not fixed. Also note that we have combined the
two pieces V52 and VZ; as they have the same scaling for
the p and 7 moduli. This leads to the following relation:

—3787V—p(9/,V = 12V1 +9V2 +7V3 +22—1V4 (217)
This apparently shows that the necessary condition for the
de Sitter no-go scenario, which one usually gets in the (z, p)
plane, is evaded. But after checking trace and determinants
of the Hessian in the (z,p) plane, one finds that the
determinant of the Hessian evaluated at the extremum is
never positive, hence confirming a no-go case due to the
presence of tachyons. Such a type IIB setup with D3/D7
and 03/07 having F'5, H; and the geometric flux have also
been studied in [16,29], where it was concluded that no
stable de Sitter vacua can be realized in this type IIB
setting. Thus from our 7-duality rules, we conclude the
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following de Sitter no-go condition on the dual type
IIA side:

Type IIA no-go theorem: In the framework of non-
geometric type IIA orientifold compactification with O6
planes, one cannot have a de Sitter solution by merely
considering the RR flux Fy, F,, F,, Fg along with the
special solutions of the NS-NS Bianchi identities.

Note that given the fact that there are certain nongeometric
flux components present in the dual type IIA side despite
corresponding to the special solutions of the Bianchi
identities, this de Sitter no-go condition would not have
been possible to guess a priori the explicit computations
are done, but from the type IIB side it is not hard to invoke.

C. IIB with special solution =1TA
with geometric-flux =7 dS no-go

Similar to the type IIA case, one can observe from
Eq. (2.2) that many of the type IIB Bianchi identities also
appear in the form of orthogonal symplectic vectors, and
therefore half of the flux components can be rotated away,
as presented below:

H=0=H,
o.X =0, QK =0,

Now, one can observe that using the special flux choice in
Eq. (2.18) results in the fact that all the type IIB Bianchi
identities except the following two are trivially satisfied:

HoRg + 0,00 + Q%@qx = 0,

HRg + 0,,0%% + 0%@.x = 0. (2.19)

Moreover, the type IIB special solution as given in
Eq. (2.18) is equivalent to switching-off the following
T-dual fluxes on the type IIA side:

TABLE II.

QaO — Qak — Q(Jt/1 =0,
(2.20)

Q% =Q%=Q“ =0,
Ry =R, =R'=0.

This immediately implies that type IIB special solutions
correspond to setting all the nongeometric fluxes to zero on
the type IIA side. Further, using the T-duality on the type
IIB side, the two constraints given in Eq. (2.19) translates
into the following two constraints on the type IIA side:

AA o ~ & A ~ &
HY,;, = Hpiv,~, Wo' Was = Wi W, (2.21)

which is very much expected as there are no nonzero
Q- and R-flux components present in this setting. As a side
remark, one can observe that for a trivial even (2,1)
cohomology on the type IIB side, the special solution is
sufficient to satisfy all the flux constraints as the constraints
in Eq. (2.19) get trivial. On the T-dual type IIA side, this
would mean to have the even-(1,1) cohomology trivial and
so trivially satisfying Eq. (2.21). A summary of the results
of this section has been presented in Table II.

III. NO-GO-1

In this section we present the de Sitter no-go scenario
realized in the context of type IIA flux compactification
with the inclusion of the NS-NS H; flux, and the standard
RR fluxes, namely the F, F,, F,, F¢ flux [5]. First we
revisit the ingredients of the no-go condition and then we
will T-dualize the same to investigate the no-go condition
in the type IIB theory.

A. Type ITIA with RR flux and H; flux

In the absence of any geometric and nongeometric fluxes
in the type IIA flux compactifications, the generic four-
dimensional scalar potential presented in Table XI
simplifies to a form given as

Possible nonzero fluxes in the special solutions of Bianchi identities.

Scenario 3 no-go

Type 1IA with D6/06

Type IIB with D3/03 and D7/07

Type ITA with special solutions Yes

HO’ Wa0, QaOs RO*
Hk’ Waks Qaka Rk’

Hy, H;, H', —H",
i 0
@Wy0, Dgis wal’ —Wg,

eg, eq, m°, my. Fy, F;, F', —F".
A A A ~A K
Wais Qa/l' Wk, Wy -
(Type 1IB with geometric flux)
Type IIB with special solution No H,, H,, H, Hy, w,, Q”O,
f %
Wa0> Wak> Wa'"» Hi’ wai{ Qaiv
eq, €q, M4, my. Fy, F;, F', —=F°.

0wk
Was Wa's Woy-

a JN
_RK’ _Q K> Wok-

(Type IIA with geometric flux)

026014-6



T-DUALIZING DE SITTER NO-GO SCENARIOS

PHYS. REV. D 102, 026014 (2020)

oAD ~ ~
Via = _4]) [f(z) + Vfagabfb + Vfagahfb + V2 (fO)Z]
2D h(z) ~.. -
5 [ Gty + Gyttt

€3D

+
2vu

[f“ho - %f‘)hﬁo} , (3.1)

where the various “axionic flux orbits” defined in Table IX
are simplified to the following form:

1 1
f() = 60 + b“ea + EKabeabme + gKabcbabbmeO

- &H, - &H, — &HA,
1
f,=e,+ Kabcbbm" + Ekabcbbb"mo,

¢ = m? + myb?, 0 = my,

1.
ho = HO + Zka + zkﬁngmZnHl,

hkO = Hk —+ ]}AannHA, h/lo = Hﬁ. (32)

We further introduce a new modulus p through a redefi-
nition in the overall volume (V) of the Calabi Yau threefold
by considering the two-cycle volume moduli ¢ via
t* = py®, where y*’s denote the angular Kéhler moduli
satisfying the constraint i, y“y’y¢ = 6 implying V = p.
Now we can extract the volume factor p from the Kéahler
moduli space metric and its inverse in the following way:

KoKp — 4V

gab = 4y = PYab>
~ 2t4th — 4yt
ab ~ab
TR e, 3.3
g ™y i (3.3)

where §,, and the inverse g do not depend on the p
modulus. Subsequently the scalar potential in Eq. (3.1) can
be written as

4D

¢ ~a az,
Via = v [£3 + p?E,5°F, + p*9Gu,t" + pO(10)?]

M s
+ o U + GYhohjo + G007,

e3D

+
2vu

[foho - %f‘)h’lo} . (3.4)

Now for the above potential, one can easily show that the
following inequality holds:

30pVia — Pap Viia
oD
=9Vpa + 17 (665 4 4p*f, 5 f) + 2%t Gupf?] > OV ia,

(3.5)

where in the last step we have used the fact that all the
additional terms in the bracket are guaranteed to be non-
negative. This immediately leads to a de Sitter no-go
theorem because at this extremum 0y Vi = 0 = 0,Vya,
the potential is evaluated to take nonpositive values as we
see below:

4D

(663 + 4p2, 78, + 20M195,f] < 0.

(3.6)

Moreover, one has the following inequality on the infla-
tionary slow-roll e parameter:

2
o |P 1
e>Vix {g (0,Vua)* + 1 (aDVIIA)21|

1
=Via {E (30pVia — p0,Via)?

1 27
+ 5 (OpVua +4p0, leA)21| 2 IER

(3.7)
This clearly forbids the slow-roll inflation in this simplistic
framework as proposed in [5,8].

B. T-dual de Sitter no-go-1 in type IIB

Now we invoke the 7-dual of this type IIA no-go
scenario and investigate the type IIB side. The type IIB
fluxes that are T-dual to the nonzero type IIA fluxes are
given in Table III. This shows that the type IIB side can
generically have all the components of the F’3 flux while for
the NS-NS sector, there are only the “rigid” fluxes which
are allowed, though due to a mixing through the 7T-duality,
there are some (non)geometric flux components present
unlike the type IIA case. We call Hy, w,, and Q%, “rigid
fluxes” because they are the ones that are allowed in a
type IIB framework without the complex structure moduli.
However, by saying this we do not mean that our 7-dual
approach is valid for the rigid Calabi Yau compactification
as it is well known that the mirror of a rigid Calabi Yau is
not a Calabi Yau [114-116]. We have studied the scalar
potentials arising in rigid compactifications separately in

TABLE III. Nonzero type IIA fluxes and their respective
T-duals for No-Go-1.

1TA eo e
1IB Fy F;

4

a my HO Hk H/1
F ~F° H, o) 0%
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[101], and throughout this work we assume that the
compactifications are on nonrigid threefolds. For the
present case, this type IIB scenario only reflects the fact
that we have just rigid fluxes turned on while setting others
to zero, and for this, a no-go should exist.

Having no (non)geometric fluxes present, there are no
Bianchi identities to satisfy in the type IIA side, and the
same is true for the type IIB side as well, desplte the
presence of some rigid (non)geometric fluxes.” The dual
scalar potential for the type IIB side can be read from
Table XI as

4 y . A
Vig = 7, fG+UFGIf; +UFGif T + U (f0)]
e
+ <5 Y [h§ + VG hyohpy + VGah®ohP ]
30
2V2 {fﬂho - afoh" } (3.8)

where the simplified axionic flux orbits following from
Table X are given as

. 1 . o1 o
fo=Fo+v'F; + Elijkvjkal - glijkv’vakFo — wgoC?
A 1. A
— Q%¢q — Co (Ho + @400 + E?fﬂaabbabe‘Xo)’

. 1 .
fi = Fi + liij]Fk - Elijk’l)‘]l/kFO,
fi:Fi_UiFO fOZ—FO

1. N
hO = HO + a)a()ba + EfaabbabeaO’

A

hao = @40 + Q%L aarb”, h%y = Q%. (3.9)

Although the no-scale structure on type IIB is broken by the
presence of the nonzero Q%, flux that couples to 7, moduli
in the superpotential and subsequently has been reflected
via the appearance of the moduli space metric G, in the
scalar potential (3.8), but that would not lead to a de Sitter
solution as suggested by the dual type IIA side. Thus the
type IIA no-go condition tells us something interesting and
is harder to guess a priori on the type IIB side.

To check that this duality-based claim is true, all we need
to do is to swap the role of the Kéhler moduli with complex
structure moduli. On that line, similar to the case of volume
modulus V, now we defined a new modulus ¢ from the
saxion of the complex structure moduli such that u’ = 6/,

3This is something one would expect from the set of Bianchi
identities known to us in the cohomology formulation, though
there are several observations based on toroidal examples
that there may be a few of the missing identities in this approach
[97-101].

which leads to U = 6° subject to a condition: [, ;,A'A/2* = 6
satisfied by the angular complex structure moduli ¥’ on the
type 1IB side. Now we can extract the ¢ factor from the
complex structure moduli space metric and its inverse in
the following way:

Ll —4Ul; L 2uiw =AUl 1
Gij :WZG‘%, G = =59
(3.10)

where g¢;; and g" depend only on the angular complex
structure moduli and not on the ¢ modulus. Using this
information the scalar potential in Eq. (3.8) can be
written as

et

425
29

4V%°

3
+ o7 {f%o - pone, ]

VIIB [fo + O-zfzgufj + 64flgz]fj +o (fo) ]

+—— [h§ + VG haohpo + VGph®oh ]

(3.11)

Subsequently it is not hard to show that the following
inequality holds:

38¢VIIB - 00,V
4¢

= Vi + 15

5+ 21197 f; + 0*Fgiif ] 2 Vs,
(3.12)

where in the last step we have used the fact that all the
additional terms in brackets are guaranteed to be positive
semidefinite. This immediately leads to a de Sitter no-go
theorem as at this extremum 9,Vyg =0=9,Vyp, the
potential can only take nonpositive values as we see below:

€4¢

ext __
VIIB V2 3

[6f() + 462ftgljfj + 264f gljfj]
(3.13)

Thus we are able to prove an interesting de Sitter no-go
theorem on the type IIB side.

Type IIB no-go theorem 1: In the framework of type IIB
nongeometric flux compactification with 03/07 ori-
entifold planes, one cannot have a de Sitter solution by
considering the RR flux F5 along with the rigid NS-NS

flux components Hy, w,9, and Q% only.

IV. NO-GO-2

In this section we consider another no-go condition
found in the type IIA framework, which in addition to the

026014-8
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ingredients of the no-go-1 scenario, also includes the geometric flux [7-9], and subsequently we will T-dualize the same to
invoke its type IIB counterpart.

A. Type IIA with RR flux, H; flux, and @ flux
This type IIA de Sitter no-go scenario includes the NS-NS Hj flux, geometric flux w, and the standard RR fluxes, namely

the Iy, F,, F,, and F¢ fluxes [7-9]. However, there are no nongeometric fluxes turned on, i.e., Q%; = Q¥ = Q"’k =

Q% =0 and R; =0 =R" To get the scalar potential from our generic formula in Table XI one has to simply set the
following flux orbits to zero:

h=0=h", h%=0=h"  h*=0=h",  h?°=0=h", (4.1)

where the last two fluxes are parts of the D-term contributions via the Q flux. Setting off these nongeometric fluxes in
Eq. (4.1), the generic scalar potential given in Table XI can be simplified to take a form given as

4D y y 2D e . 5
Via = Y [f3 4+ VE,GFy + VEGf? + V2 (£0)%] + v {EO + G'hjhjy + G;,hoh” o}

2P hohy = i 1 k i k
+ W |:tatb <7b + guhaihbj + gﬂ/)halhhl)> + 17 (ha - %haﬂ) (anb - tatb) <hb - Ephbp>
3D k/l

1 A A A A
+ a (Uh(lo + Zl{haﬂ)v(kuaﬂtu)_l (Uhf)’o + Z/)h/ip):| + 267& |:(th0 - fahu) - (thﬂO - fah/{a) ?:| P (42)

where using the simplifications from Eq. (4.1), the various nonzero “axionic flux orbits” can be written out from Table IX
and those are simplified as

1 1
f() = € —+ b“eu + EK'abcbabbmc + gK'ahcbubhbcm() - fO(HO + b“wuo) - ék(Hk + b“wak) - 5,1(H’1 + b“w/),

1
fa =e,+ Kabcbbmc =+ EKabcbbbcmO - fowaO - ékwak - glwa/lv

f* = m* 4 mgyb?, 0 = m,,
1.
hy = (Hy + b%wyg) + zF(Hy + bw,) + EkzngmZ"(H’l +bw,t),
hyo = (Hi + b wep) + kyz (H + bow, ) by = (H + bow, ),

1. .
_ k ) _ 2 A A
h, =w,o + z"w . + EkzngmZ"Wa , h,e = Wa + kjpn2'w,*, h,* =w,,

~ ~ 14 o
ha/l = Wn, + k/lkmzmwak - Eklkmzkzmwaov hao = Wao' (43)

Note that unlike the previous de Sitter no-go scenario, now there can be nontrivial contributions generated from the D-terms
via the geometric fluxes. Similar to the previous case, extracting the factor p from the various volume moduli and metrics as
in Eq. (3.3), the total scalar potential in Eq. (4.2) simplifies to the following form:

e e dear b 6(F0)2 e*P [h >ij IR VRY)
Via 24—p3[f0 + P, G0ty + pHgapt + pO(£°)?] +4_p3 a+g hiohjo + G,,h" 0
2P hhy s 8 1 k i k
+ E [J/“J/b <Z/{b + gl/huihbj + giphallhbp> + a <hu - ;haj') (gab - yuyh) (hh - zphbp>
+i(uﬁ O 4 2%h,) (Ruasr®) ™ (U + 27hy) +£ (f°hy — fh,) — (f°h%, — feh? )ﬁ (4.4)
U a ai aaf p Pp 2\/& 0 a 0 al’ 5| :
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TABLE IV. Nonzero type IIA fluxes and their respective T-duals for No-Go-2.

IIA ) [P m? my HO Hk
IIB F, F, Fi —-F°  H, wy

A ~ 0 A~k A
Wa0 Wak Vfa Wq Wa Waa

a a A
H; Wy 0% —Rg —Q% @

Now using the scalar potential in Eq. (4.4) one can show
that the following interesting relation holds:

OpVia — Pap Via
2D 12

e .. ~
== 3VHA +— 2 3 =2 + gl'lhiohjo + gﬁphlohpo
4D
T3 [465 + 20,5t — 2p°(£°)°]. (4.5)
74

One can observe the fact that for fO = m, being set
to zero, all the terms on the right-hand side are non-
negative which results in ((9DVHA —papVHA) > 3VIIA’
and hence in this situation a new no-go condition holds
despite the fact that geometric fluxes are included.
Moreover, one has the following inequality on the infla-
tionary parameter €:

1
€2 VIIA|: (0,Via)? 4(aDVIIA)2:|

= Vi [‘ (30pVia — p0,Via)?

1

84 (4.6)

3| O

(30pVia +4p0, VIIA)Z] 2

However, it is also true that the earlier no-go condition is
evaded with the simultaneous presence of geometric flux
and the Romans mass term. The extremization conditions
IpVia =0 =0,Vyu lead to the following form of the
potential:

which clearly opens up the possibility of getting de Sitter
via considering a large enough value for the Romans mass
parameter 0 = m, [7].

B. T-dual de Sitter no-go-2 in type IIB

Now we want to know the 7-dual version of this second
type ITA no-go scenario on the type IIB side, and the T-
duality from the nonzero fluxes in type IIA gives the flux
ingredients of the type IIB setup as given in Table IV. It
shows that for this scenario, the dual type 1IB side can get
fairly complicated with the presence of RR (F;) flux along
with all the (non)geometric NS-NS fluxes unlike the type
ITIA case. Moreover, given the fact that this scenario
corresponds to type IIA without any nongeometric flux,
and therefore as we have analyzed in the previous section,
this would be dual to type IIB with the special solution of
Bianchi identities, in which half of the fluxes can be rotated
away by a suitable symplectic transformation. Also, the
Bianchi identities to worry about on type IIA and their dual
type IIB side are simply the following ones:

IIA :  Hhig, = Hyik,  wolig = w s
IIB : HORK + a)uOQaK + Q Oa){lK = 0,
HRg + @0,,0%% + 0% g = 0. (4.7)

For implementing the special solution of Bianchi identities
in the type IIB scalar potential, we need to switch off the
following axionic flux orbits,

W =0=/,
het =0 = b0,

hy' =0=h,0,

hX =0=hX, (4.8)

ot e h2 ’ , where the last two hatted fluxes are parts of the D-term
A = 6 63 +§ hiphjo + gﬂﬂ Yo contributions. Using this simplification, and after a bit of
D reshuffling of terms, the dual scalar potential for the type
—— 43 + 292, 570F, — 2p°(£9)?], IIB side can subsequently be read from Table XI and turns
12 out to be given as
N i fi ij 2( 02 [, b
Vi = YV [fo + UG f +UFGYf; +U ()] + U {ho + VG haohyo + VGash®ohl
i a 1p ab ij i, Ca a l’ﬂ/)‘ /3
—l—uuf(hihj-l-vgaﬂh l‘l’l ]+Vg haihbj)—i—(ugj—uu]) hl—7h i h
70 af, 7 iN-1(y7, O BT, * i 07,a ipa f(l

FUVhy" =ty ) (€)™ (Vg = Phyg) | + — (f°ho — fih;) — (f°h% — f'h i)7 , (4.9)
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where the simplified version of the nontrivial axionic flux orbits are given as below:
fOI—FO fi:Fi_UiFO
Jk 1 J 2k 70 a_ AHan
fi=Fi+ v’ F _Elijkv VF — w,4c — Q%¢q — coh;,
, 1 A | . A
fo = FO + UIFI' + Elijk’ljj'l)kFl - EliijlUJUkFo - waoc“ - Q(loaa — Coho,
J N A . 14 A

ho = Ho + @a0b® + 5 0™ Q% +v'hy. b = Hi+ wqib® + 5 b 0%,
haO = Wg + angaabbb + Uihai’ hai = Wy + Q(ligaabbbv
haO = an + UiQai’ Qat’

2opb?bP Ry, hi’ = —Rg. (4.10)

NI>—‘“

hox = @gx — QaKfaabbb +
Now similar to the previous no-go-1 case, in order to prove that there is a new de Sitter no-go scenario in the type 1IB side
with nongeometric flux, all we need to do is to swap the role of the complex-structure and the Kéihler moduli. To see it
explicitly we extract the ¢ factor from the complex-structure moduli and the moduli space metrics as given in Eq. (3.10).
This leads to the type IIB scalar potential being written as

et y S e
Vi = 023 [f5+ 2 fid" f; + 0 flgiif! + o(f0)?] + 4V2 3 (R 4 VG* haohyy + VG shohy)]
e iy ap ab i gig) Lo 1a g V]
g | ik VGugh®ih + VG hyghy) + (o = A0 by = ) (=L

+ (Vh)® = 1%hey) (Z1yxA) 7 (Vg - tﬂi’ﬁK):|

where the angular moduli 2”’s and the metrics g/, g;; do not
have any dependence on the ¢ modulus. Subsequently it is
not hard to show that the following relation holds:

84; Vi — 60,V

o2
=3V +555 Vo3 [(h§ + VG haohpy + VGph®oh’y)]
et
T [4£5 4 267 fig" f; = 26°(f0)?]. (4.12)

The last term is the only nonpositive term, and this
shows that for f®=—-F°=0 we have the inequality
(04Vig —00,Vyg) > 3Vyg. This immediately leads
to a de Sitter no-go theorem as at this extremum
94V = 0= 0,Vyp, the potential is allowed to take
only the nonpositive values as long as f0 =0 as we see
below,

e
V%63
et

V23

Vilg = — (1§ + VG hyohpo + VGsh“ohPy)]

[4f5 + 20 fig"f; = 20°(f°)2]. (4.13)

. . 4
o [ Uho = ih = (g - e e @y

|
Thus we are able to prove an interesting de Sitter no-go
theorem on the type IIB side by 7-dualizing the type IIA
no-go, and moreover, we have a possible way for finding
de Sitter by satisfying the necessary condition FO # 0 for
the nongeometric flux with special solutions.

Type IIB no-go theorem 2: In type IIB framework with
03/07 orientifold planes and (non)geometric fluxes
along with the standard F;, Hs fluxes, one cannot
have stable de Sitter minima with special solutions
of Bianchi identities, unless the F° component of
the F5 flux is nonzero, where Fy = FA A, — F\B" and
A€{0,1,....hn%" .

V. NO-GO-3

In the previous section, we have seen that after including
the Romans mass term in type IIA or equivalently F°
component of the three-form Fj; flux in type IIB, the
necessary condition for getting the de Sitter no-go is
violated. This can be taken as a window to hunt for de
Sitter solutions. On the other hand, naively speaking, in
order to restore the no-go condition or for finding another
no-go, one would need to nullify the effects of these
respective fluxes in the type IIA and the type IIB scenarios,
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and therefore one can ask the question if there are certain
geometries that could be useful for this purpose. In this
section we will show how the K3- or T*-fibered Calabi Yau
(CY) threefolds could be useful in this regard as they
facilitate a factorization in the moduli space as shown to be
needed in [8].

A. Type IIA with K3- or T-fibered (CY) threefolds

Superstring compactifications using K3- or T*-fibered
CY threefolds present an interesting case as there is some
kind of factorization guaranteed in the Kihler moduli
space. By the theorem of [117,118], such a Calabi Yau
threefold will have at least one two-cycle dual to a K3 or a
T* divisor that appears only linearly in the intersection
polynomial.4 In other words, the intersection numbers
can be managed to split in the following manner by
singling out a component through the splitting of index
aasa={l,d},

kit =0 =Ky, Kiapy # 0,

where a' # 1 #b'.

klaﬁ 75 0’

Ryap =0, (5.1)
On top of that, in particular we also assume that k. = 0
and note that there is only one nonzero intersection of the
type K4qp With @ = 1. A concrete example of a K3-fibered
CY threefold with such even/odd splitting in the inter-
section numbers (and hence in the corresponding moduli
space metrics) can be found in [122]. Recall that a nonzero
intersection number of the type &, is also essential for
generating the D-terms by coupling through the (non)
geometric fluxes.

Let us say that the volume of a two-cycle that is singled
out is denoted as t' = p, leaving t¢ the number of volume
moduli as the remaining ones, and then the overall volume
of the threefold can be written out as

1 ] ! /

V= gKabctatth = Ekla’b/pota tb s (52)
which leaves the volume form as a homogeneous function of
degree 2 in the remaining prime-indexed Kihler moduli.
Now we can still assume t¢ =py? where y“’s are the
remaining angular Kiihler moduli satisfying x;,,7*7? = 2.
This leads to a simple volume form given as
V = pop*. (53)

Before we come to the explicit detail on restoring the de
Sitter no-go condition by making an appropriate choice of

the geometry, let us throw some more light on the motivation
of looking at this K3/T4-fibered geometry by considering

*Such Calabi Yau threefolds with K3 /T* fibrations have also
been useful for realizing fiber inflation models [119-121].

the following Romans mass term as it appears in the type [TA
scalar potential,

€4D

One can easily be convinced that using Eq. (4.4) in which

V = p? simplification has been made we get the following
relations:

(OpVi —p0, Vi) = Vio = (9pViua — p9,Via)

=3Via =2V + - -, (5.5)
where dots have some non-negative pieces as seen while
deriving the no-go-2, and this way Vo appearing with a
minus sign on the right-hand side helps in evading the de
Sitter no-go condition. Now suppose we have a volume form
of the type V = pop? instead of V = p?; then the following
relations hold:

(I) (9pV —po0,y, Vi) = 3Vio = (0pVia —00,, Via)

=3Vya+- -,
(IT) (20pVio = p0,Vip) =6V = (20pVia — p9,Viia)

where we can see that now Vo can be completely absorbed
in Vi, and so a negative piece with Vy is absent. Here we
take an assumption (to be proven in a while) that one can
appropriately make the flux choice to be such that all the
other pieces inside the dots remain to be non-negative. Thus
by considering these simple heuristics, one can anticipate
getting another de Sitter no-go with some appropriate choice
of fluxes and geometries.

Let us mention that one can also demand the splitting of
intersection numbers on the mirror side, i.e., k), leading to
the splitting in the complex structure moduli metric, to
balance things from the (0pVy) piece [8] rather than
considering (0,V ) via taking a factorizable Kahler moduli
space as we are considering. That may result in some new
no-go scenarios; however, we will not consider that case in
this work.

To explore the details, using the choice for the triple-
intersection numbers given in Eq. (5.1) and the definitions
of the metric given in Table XI we have the following
block-diagonal forms for the (inverse-)moduli space
metrics,

4
- p 0

Vgab = < -~ - )7 (57)
O p%pz(Ka/Kb/ — Ka/b')

026014-12



T-DUALIZING DE SITTER NO-GO SCENARIOS

PHYS. REV. D 102, 026014 (2020)

where @' € {2,3, ..., hL!} and the angular quantities with
@' indices do not depend on any of the moduli p, and p.
From the scalar potential in Eq. (4.2), which is relevant for
this type ITA case with geometric flux, we observe that the
volume moduli py and p can appear through factors such as
(VG™), (VGap). (), or (Ruqpt®). As we have seen from
Eq. (5.7), the moduli space metrics are already block
diagonal with the splitting of index a as a = {1,d'}.
Also note that the piece with (R,4st“)™" will only depend
on p, (and not on the p) modulus as we have assumed
in Eq. (5.1) that k.4 is the only nonzero intersection
|

€4D

4pop?

Via = [(f0)? + p3(£1)* + p*Eu (r'y"

2D

eZD h2 . N e
+ 5 {—0 +GYhohj + gzphlohpo} + 47 X P

4pop~ (U

2p U

e?P k; i k
_ h/__h//l ~a'b h/——ph//) _
| (=30 ) (e =37

2D

+ 4p0u

2D

Q

e?P h,yh
+—[7 < — L4 G hyihy; +g/1ph “hy” ﬂ +

Qb
s
S

2D k k
— | (h =Zh* )y*( hy = Lh,”
| (=30 (v =30
_|_

[(UEaO + Zlﬁal)(i&]aﬁyl )_l (Uﬁﬁo + Zpﬁﬁp)]

with index @, f being in the even (1,1) cohomology.
However, scalar potential pieces involving the factor
(tt") can generate off-diagonal mixings and so might
disturb the balance of pieces in (9pVya — po0,,Via) =
3Vya + -+, so as to keep retaining the pieces hidden in
the dots as positive semidefinite, something that was
established for the earlier no-go-2. To concretize these
arguments, we simplify the geometric type IIA scalar
potential given in Eq. (4.2) utilizing the above splitting
of the moduli space metrics, and it turns out to be
given as

_ E'a/b,>fb’ + p4(f1)2 +p(2)p2fll/ (Ea’kb’ - ka’b’)fb/ + ﬂ%p4(fo>2]

{hhl

! / h h
|:},a yb ( ub + gl halhb’ + g/lph hb’p>:|

e’ fOh, — fh PO, — fapt ) K2 5.8
| =) - - ) B ss)

where the flux orbits can be read off from Eq. (4.3) after imposing the splitting of indices as @ = {1, a’} and using the
intersection numbers given in Eq. (5.1). Now from this complicated potential we can see the off-diagonal mixing, e.g.,
arising from the (t¢t”) factor as we discussed before. This issue can be avoided by appropriately setting the respective fluxes
coupled in the off-diagonal blocks to zero. That is, by taking either of the following two cases which subsequently leads to
the new de Sitter no-go scenarios:

(I) hy=hy=h'=08w=wy=w’=0,
= (OpVua =00, Via) = 3Via;

(IT) hyo=hy, =h, =0 =hrt=

A 0

Wa'o = Wa'k = Wg™ = 1’,{/0: = wa

Also note that in the no-go scenarios corresponding to the
above two cases, one has to impose those extra flux
conditions about the vanishing of certain fluxes to deter-
mine the simplified axionic flux orbits from their generic
expressions. However, given their nature of being inde-
pendent of the saxion, it does not bother us for our purpose
as we are only interested in considering the saxionic
derivatives of the potential to look for the possible no-go
inequalities.

B. T-dual de Sitter no-go-3 in type IIB

On the lines of computations done for the explicit
T-dualization of the two de Sitter no-go scenarios, one

fl(u:()@
k_

War = 0= (20pVia —p9,Via) 2 6Viia. (5.9)

I
can be convinced that the no-go-3 in (5.9) can easily be
T-dualized to find new no-go scenarios on the type IIB side.
For this to happen, the assumption to make is that type IIB
compactification should be done on the CY threefolds which
have K3- or T*fibered mirror CYs. So this framework
should not be confused with having type IIB compactifica-
tion on the K3- or T*-fibered CY itself, although there might
be a different set of no-go’s for that case, but those would not
be the ones we are considering as type IIA no-go-3.

Having said the above, now the complex structure side
can be studied by the mirror CY, and hence will inherit the
splitting of complex-structure moduli space on the type IIB
side such that one can single out two complex structure
moduli ¢ and ¢ such that
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u' = o, u' = ol Ly AW =2, U = 60>,
UGT = <6(2’ 0 > Uug;; = (04 0 > (5.10)
= 0 62(/%'/],]/ _ 7[/ .;) ’ 17 0 6%02(75/7] _ 7i/j’) ) .

where the indices i"’s denote the remaining complex structure moduli different from «' and quantities such as /; are the ones
that only depend on the angular complex structure moduli. Under these circumstances, the type IIB scalar potential can be
explicitly given as

e Ve - , S
Vi = Vo2 [(fo)> + (6*(f1)* + 0502 f" (Lyly = Lip) f7) + (05(f1)* + o> fo (XX =17 ) + 650 (f°)?]
0
2¢
+ N2oo? hG 4+ VG haohpy + VGash®ohPo + 65((11)* + VGash® B | + VG hyy hyyy)
0

A ol ~at fa f
+ 02/11 ﬂj (hi/hj/ + Vgaﬂhai/hﬂj/ + Vgabhai/hbj/) ‘|‘ O'z(ll /y - llj ) (hi/ - 7hal’/> (I’l]/ - Tﬂhﬂj/>
2v5 0 _ sl NP N-l(yh 0 _ 87 A i 07,a irayla
+0°(Vhy" = 1°hyy) (k) (Vhg = P hgy) +W (f°ho = f'hy) = (f°h% — f'h i)? , (5.11)

where the only interest for us at the moment lies in the saxionic moduli 6 and o, though for completion we do provide the
explicit expressions for all the axionic flux orbits as

< + <
f() — _FO’ fl — Fl _ UIFO, fl — F! i FO,
| ; A
1 ! 1 ~
fi=F+ Ly F _Ellj’k’vj MO — g ¢t = Q%184 — cohy.
o . o A A
fi/ = Fi/ —|— lli/j/(vj Fl —|— UIFJ) - l]i/leUJ FO — a)ai/c“ — Qai/c(l — C()hi/’
1 i 1 i il 1,0 )
f0:F0+11 F1+1) Fi/+§lli'j/v v F +lli/jIUUF
1 i' 0y j' 001 170 a A A
_Elli’j’v v 0 FY = w400 — Q% Eq — cohy,

hy = Hy + @y0b® + = Z4ayb*b? Q% + v' hy + v"hy,

N[ =

1. ~ 1. ~
hy = H| + @, b" + Efaabbabealv hy = Hy + @q b + Efaabbabeai’a
haO = W40 + Qa02aabbb + vlhal =+ ’Ui/hai” hal =W, + Qalgaabbb’
hair = Oar + Q€ qarb”. h = 0% + v' 0% + v" Q% @ =07, hey = Q%
~ . ~ 1A ~
haK = Wgk — QaKfaabbb +§f{zahbabbRKa hKO = —Rg. (512)

A close look at the scalar potential in Eq. (5.11) confirms that one can have the following two 7T-dual cases:

(1) hy=hy=h" =08 H =, =0"=0
= (OpVus — 609,,VB) = 3Vya-
(IX)  hy = hey = h% = hog = h'g = hg” =0
S Hy=w, =0% =bu=0%=Rg=0

= (20p Vg — 60,Vyp) = 6V . (5.13)

This result can be summarized in the following no-go condition.
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TABLE V. Type IIA de Sitter no-go scenarios with T®/(Z, x Z,) having geometric flux.

hIZhI}'ZO
h2:hzﬂ=0
h3:h3}':0

hy =hsp =hy =hy* =0
hyg =h3 =h* =hs* =0
hyg=hy =h’'=h’'=0

Wi =w*=0

Wy =Wt =0

W3g = W3A = 0
Wy = w3 = wrt = w3t =0
wig =w3p =wit =wyt =0
Wip = Wao :le :Wz’I =0

IpVia =00y, Vi = 3Via
OpVia = P00y, Vua = 3V
IpVia = P00, Via = 3Viia
20pVia = p9,Via 2 6Viip
20pVia = p9,Via 2 6Viip
20pVia — p0,Via 2 6Vyia

Type IIB no-go theorem 3: In type IIB framework with
03/07 orientifold planes and (non)geometric fluxes
along with the standard F5, H fluxes, one cannot have
stable de Sitter minima with special solutions of Bianchi
identities, if the complex structure moduli spaces exhibit
a factorization on top of suitably having some of the flux
components set to zero. This can happen when the
mirror of the type IIB compactifying CY is a particular
type of K3/ T*-fibered CY threefold satisfying Eq. (5.1).

C. More de Sitter no-go conditions
for toroidal examples

This no-go-3 appears to be a rather complicated state-
ment to make; however, it has several interesting implica-
tions. To illustrate what it means in a simple way, we
consider the toroidal models based on type IIA and type IIB
compactifications using orientifold of the T°/(Z, x Z,)
orbifold. To being with, let us mention that this no-go-3 can
be applied directly to these conventional vanilla toroidal
orientifold models which have been studied numerous
times. This model has the only intersection number nonzero
to be

ITA : K123 = 1,
IIB: Lﬂ123 - 1,

kias =1,
1123 — 1, (514)

while all the other intersection numbers are zero. With the
standard orientifold involution there are no D-terms present
in type IIA or type IIB settings. So the total scalar potential
arises from the F-term contributions itself. In addition, let
us note that the even (1,1) cohomology is trivial in type ITA
while the odd (1,1) cohomology is trivial in type IIB
implying that fluxes/moduli with indices k in type IIA and
with index a in type IIB are absent.

1. Type 1IA
It turns out that 12 axionic flux orbits are identically zero
in this construction, which in addition does not include
nongeometric Q and R fluxes,
ha:O:hO’ hk():hak: ”k:hkozo,
ﬁaozﬁaﬂ:ﬁa():ﬁaﬂ:o‘ (515)

ht =0= th’

As there can be equivalence between the three T?’s
appearing in the six-torus, and therefore one can single
out py modulus from any of the three “’s, say we take
t' = p, and subsequently the remaining 2 x 2 sector in the
Kéhler moduli space is block diagonal. In fact, it is
completely diagonal in all the three moduli, though we
need it only partially. Noting that the only fluxes which can
get nonzero values in this model are the following:

he.  h,,  ht W, (5.16)

our no-go-3 implies that one would end up having de Sitter
no-go scenarios if one switches off certain fluxes as
mentioned in Table V.

The particular models of Table V present those cases in
which one would have de Sitter no-go irrespective of the fact
whether the Romans mass term is zero or nonzero. This
simply means that these are the examples in which geometric
fluxes are not enough to evade the no-go-2 despite having
nonzero Romans mass. Moreover, from the observations
from Table V it is not hard to guess that if all the geometric
fluxes are zero, one gets back to the no-go-1 having an
inequality of the type (36D VIIA - papVHA) > 9VHA'

2. Type IIB

Now an interesting question to ask is what happens to the
dual type IIB side that would involve nongeometric fluxes
as well, unlike the type IIA case. It turns out that 12 axionic
flux orbits are identically zero in this construction, and they
are given as

W=hi=0, hg=h,;=h,/=h=0, h%=p0=0,
hy = hox = h,* =h* =0. (5.17)

Now due to symmetries in the intersection number /; j;, one
can single out a 6y modulus from any of the three complex
structure saxions u'’s, say we take u! = o, and sub-
sequently the remaining 2 x 2 sector in the complex
structure moduli space is block diagonal, and one can
write U = 60?. As before, it is completely diagonal in all
three moduli. Noting that the only fluxes which can get
nonzero values in this model are the following ones:

hy, hi. h*0, h?;, (5.18)
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TABLE VI. Type IIB de Sitter no-go scenarios with T¢/(Z, x Z,) having (non)geometric fluxes.

hy =h* =0 = Qal =0 (0pVip = 0005, Vis) = 3V
hy =h% =0 Hy, =0% =0 (0pVup = 0005, Vis) = 3V
hy=h% =0 H; = Qa3 =0 (8¢VIIB - O-an‘o VIIB) >3V
hy = hy = h% = h"3 = H, = Hj :Qazzéa.% =0 (2@/)‘/1113—0'(9 VHB) =6V
hy =hy =h% =h" = H3:H|:Qa3:Qa1:0 (2 VHB—C’a VHB)Z6 1B
hy=hy,=h" =h% =0 H =H,=0%=0%=0 (25’41‘/1113—0a Vig) > 6V

our no-go-3 implies that one would end up having de Sitter
no-go scenarios if one switches off certain fluxes as
mentioned in Table VI. The particular models of
Table VI present those cases in which one would have
de Sitter no-go irrespective of the fact whether the F°
components of the RR F3 flux is zero or nonzero, and
moreover despite having some nongeometric fluxes being
turned on. This means that these are the examples in which
nongeometric fluxes are not enough to evade the no-go-2
due to the presence of some specific geometries inherited
from the six-torus.

VI. SUMMARY AND CONCLUSIONS

In this article, we have T-dualized several de Sitter no-go
scenarios which have been well known in the type IIA flux
compactifications for more than a decade. This sub-
sequently leads to a set of peculiar de Sitter no-go scenarios
in the type IIB flux compactifications with (non)geometric
fluxes.

Before exploring the de Sitter no-go scenarios, we have
studied the solutions of Bianchi identities in the type IIA
and type IIB theories as the same is crucial for finding a
genuinely effective scalar potential. In this context we
present a peculiar class of solutions, what we call the
special solutions of Bianchi identities, in each of the two
type Il theories. The main idea behind the existence of such
solutions is the fact that several Bianchi identities can be
understood as a set of orthogonal symplectic (flux) vectors,
and hence half of the flux components can be rotated away
by a symplectic transformation. The possible nonzero

fluxes for the special solutions are summarized in
Table II. Moreover, after exploring the 7-dual versions
of these special solutions from type IIA to type IIB and vice
versa, we make some very interesting observations as
collected in the following points:

(1) The nongeometric type IIA setup with the special

solutions of Bianchi identities is equivalent to the
type IIB setup without any nongeometric fluxes.
Moreover, for such a type IIB geometric setup with
03/07, there is a de Sitter no-go theorem [16,29],
which we have also rederived from our approach.
This helps us in concluding that the 7-dual type ITA
setting, which although includes some nongeometric
fluxes, cannot result in stable de Sitter vacua, and
this is something against the naive expectations.
The nongeometric type IIB setup with special
solutions of Bianchi identities is equivalent to the
type ITA setup without any nongeometric fluxes
turned on. Such a type IIA setup has been studied in
a variety of models in the past, especially regarding
the search of de Sitter vacua and their no-go
conditions [5,7,8,45].
In this context of type IIA orientifold compactifications
with geometric flux, first we have rederived several de
Sitter no-go scenarios of [5,8] and have subsequently
explored their 7-dual counterparts in type 1IB theory. In
particular, we have T-dualized three classes of type IIA no-
go scenarios that are summarized in Table VII. These can
be elaborated as follows:

(i) no-go-1: Type IIB nongeometric setup with O3/07

and having RR flux F; along with only the rigid

(i)

TABLE VII. T-dual fluxes relevant for the three no-go scenarios.
Scenarios Fluxes in type IIA Fluxes in type IIB
with D6/06 with D3/03 and D7/07
No-go-1 F-term fluxes H,, H,, H, Hy, @40, 0%,
eq, €y, me, my. Fy, F;, F', —FO,
No-go-2 and no-go-3 F-term fluxes H,, H;, H, Hy, w0, an»
Wa0s Wak> Wa'» Hi’ Wyis Qai!
€, €q, M, my. Fo, F;, F', =F°.
D-term fluxes W0, Wk, Wy —Ry, —0%, Ok
No-scale-structure in 1IB F-term fluxes Hy, wao, Q%, Ry, Hy, H;, H’ —HO,
€0, €45 m“, my. Fo, Fi? Fl, —FO.
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fluxes Hp, @, and Q% cannot give stable de
Sitter vacua.

(ii) no-go-2: Type IIB nongeometric setup with O3/07
and having RR flux F5 along with only the special
solutions of the NS-NS Bianchi identities cannot
give stable de Sitter vacua unless the FO component
of the F; flux is nonzero.

(iii) no-go-3: This no-go scenario is rather a restoration
of the no-go-2 itself, in the sense of F° being zero or
nonzero getting irrelevant. This can be done by
choosing certain compactification geometries that
have factorization in the complex structure moduli
space. To be specific, the violation of no-go-2 via
including the nonzero F° flux (of F5) can be avoided
if the type IIB compactification is made on a CY
threefold that admits a K3/T*-fibered mirror Calabi
Yau threefold having some specific triple intersec-
tion numbers along with the need of setting a couple
of fluxes to zero.

Note that in Table VII we have also collected the 7-dual
fluxes corresponding to the type IIB no-scale model that
has only the F3 and H; fluxes. This subsequently shows
that in the dual type IIA side, one has all the RR fluxes and
NS-NS fluxes of the rigid type only, for which we have
already shown that a de Sitter no-go condition exists.

To conclude, we have shown in this analysis how one
can engineer a pair of T-dual setups in type IIA and type
IIB theories in which it may be easier to derive some de
Sitter no-go conditions that can be translated into the
mirror side. By considering multiple examples, we have
presented a kind of recipe for evading or further restoring
the no-go window depending on the various ingredients,
including the compactification geometries, one could use.
Thus one of the main advantages of this work can also be
taken as where not to look for the de Sitter search, and
hence refining the vast nongeometric flux landscape for
hunting the de Sitter vacua. Moreover, our analysis can
also be extended to utilize/investigate the nongeometric
type II models for/against the recently proposed trans-
Planckian censorship conjecture [123] and also its pos-
sible connection with the swampland distance conjecture.
We hope to report on (some of) these issues in the near
future [124].
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APPENDIX: A DICTIONARY FOR THE TYPE II NONGEOMETRIC FLUX COMPACTIFICATIONS

TABLE VIII. One-to-one 7T-duality transformations among the various fluxes, the moduli, and the axions.

Type A with D6/06

Type IIB with D3/03 and D7/07

F-term fluxes Hy, Hy, H%,
Wa0s Waks Wal7
QuOs Qaks Q(M’
Ry, R;, R%,
eg, €4, m*, myg.

D-term fluxes W0, Wk, Wy,

QaO Qak Qa/l.
Complex moduli NO, Nk, U,, T4
T = b* — it?,

HO’ @0 an’

Hi7 Wy Qaia

Hi, wai’ Qai,
—HO, _waO’ _Qa()’
Fy, F;, F', =F°,
_RKs _QaKv CbaK’
—RK, _QaK’ d)aK.

Axions

Saxions

Inter-sections

NO — 60 + i(ZO)_l,
Nk — é:k 4 i(ZO)_IZk,

U, = —Tio (kypez’ 2" — /A%kmlklm) + &5
zk, b4, &0, &,
&

(291, 24, &, v, U.

kip;n k/lmm Kabes Kaap-

S, G4 T,, U'.
U= v —iu,
S =cy+1is,

G = (¢ + cob®) + isb®,

Iy = _A% (Cap 1" — z:ﬂgzabbabb)
+(Ca+ Laanc®b” + 3 0l aapb“bP).
b?, v', g, ¢ + cob?,

Cq+ z:”aabc“bb + %cofaabb”bb.
s=e 1 u U, V.

f{lﬁ}” f(zab? lijk’ ZiJK’
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TABLE IX. Axionic flux orbits for the type IIA side.

Type IIA flux orbits

fo Gy — &H; — &M

fq G, — gkzsk —E0,

e G* — ékgaﬁ _ Qu

fo GO _ fkR/} _ 5/172/1

hy Ho + Hka + %],%;LngmZn”'[/1
h, Oy + Ouzt + éic,lmnz‘“z"(j g
h* Q4+ QuZk + 2kﬂmnz 72" Q%
h? Ro + Riz* + L k2™ 2" R
hro Hy + kyjnz"H?

haz Ot + k20,

hy Q4 + k2" Q4

h,° Ry + k2" R

h/lo 'H/l

h,* A

hz’1 Q‘;/I

10 ol

F-term fluxes Gy = &) + b2, + 3Kapb DI mE + ik bD b mg,

G, = &, + KapcbPme + %Ka,,cbbbcmo,
G* = m* + myb?,
G = my,

H; = H,} +w, ;b + %KahcbbbCQa,; + %Kabcb”bbbch(,
H: = T+ 7,760 + L bP5QY + Lic,y bIBPBRY,
O =Wy + Kabcth”]; + %Kabcbbb”R;(,

Udl — "_Vai + Kabcbed + L bbbcR/I
Qa]} — Qai( + bR Qa/l Qa,{ + baRl

RIQ = Rk’ R =
D-term fluxes wi = O = Way + kjm2Z"We* — 3 kymz*2™w,°
ht =6, =wr-2w,0, h,° Ezs —wao,

he 2= Qa,l Q% + kyynz mQak kygmz*2* 2" O,
Qak Qak kQaO haO QaO Q(

TABLE X. Axionic type IIB flux orbits with their dual type IIA counterpart.

Type IIB flux orbits Dual type ITA
fo [I:O—Q—v"ﬂ:i—i-%l,-jkvjvkﬂ:i—élijkvivakl]:o f()
f,‘ [Fl'+lijk1/j”:k —%l,‘jkﬂjﬂkﬂ:o fa
fi H:i _ ,Ui[FO fa
fO —[FY £0
ho Ho + v'H; + v/ v*H = L 0" 0/ oFHO hg
h,‘ [H]i + ll'jk’l]jl]'ﬂk - % ll'jk’l)j’ljk[l'[lo ha
hi Hi _ yi[H]O h¢
h° —HO h®

(Table continued)
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TABLE X. (Continued)

Type IIB flux orbits Dual type ITA
hgo Oy + V"0, + 3107040, = L v v/ 0* 0,0 hyo
hai Oy + /O =1 13070406,0 hag
hy! O, - 00,0 h?;
h,° -0,°0 h,°
h%, @Ozx + ,Ui@ia + %lijk vjvk@ai _ %lijkvivjkaaO h/lo
he; Q) + L Q™ = L 10/ v* Q% h,*
hei @ai _ vi@ao ha4
h0 —Q0 10

F-term fluxes

D-term fluxes

Fp=Fp—@anc’ — 0°Alc, +2aabe)_COH/\
FA = FA — 0,09 — O ey 4 € g b*) — coHM
Ha = Hp + @gnb® + 3 Z0apb*b? 0%

IH]A HA + w, Aba fzmbbabeaA
zjaA - waA + Q Afaahb
Gal\ = a)ia/\ + Qa/\;ﬂ(mhbb
@a/\ _ Qaz/\7 @aA _ QaA

ElaK = 6(11{ = &) -0 K%aabb +3 2otabb b* Rk l}al
he® =05 = 0,5 — QK yuyb® + 1 2,40, b b" RX h?
K = Qal( _ _Q K+ RKbu haK — @aK QuK + RKba ﬁak’ B{zk

hK — _RK — _RK, hKO = _RK — _RK hao’ h(IO

TABLE XI.

A one-to-one exchange of the type IIA and type IIB scalar potentials under 7-duality.

A

1IB

ViR = 55 [f3 + VEG, 2 + VE,GF, + V()% + &5 [03 + VheGph”
+Vh,Ghy + V2(0)? + UG (hghyo + S5 hyhy? + hyihytt” + V2, %h,0
—% aihjo - %hiohaj - Vtahiohaj - Vtahaihjo) + Z/[gj’p(hlohpo + %hlahﬂb
+9tPh, hy? + V2RO — & bghed — % hiah’, — Vieh©h,” — Vith, hr0)
+ 5 (Vh9 G, bt + Vh,2GPh,p + VEhOh, + Vith, 0 — t4°h,
+%h*h? + S hhf ) — S hoihtr) — 2 x % (Vh'G,,h" + Vh,Gh,*
+Vthh,* + Vieh,h*0 — t*tPh,hyt + 5 hhg? 4 5 hghtt — “¢ h9h??)
[(Uﬁ + 20y ) VGV (Uh + 20hy,) + (UD™ + 20%)VGap U + 28 )]
(%o = £9hg + £,h® = fh) — (£°h%y — foh?, + £, — foh™®) &].

~ —4Vk, b ah_ ab o
Gy = KaKp ~ Kab ga _2tet éw : ga/z _ _K(z/}7 g p_ _K.a[}

> kyk,—4Uk; =y 274 7P —AUK" [ ik ik
g/-{p:/")w A/’gp:ZZM ’gjk:_kjk’gj :—kj.

Vil = 55 /S +US Gif + USG5+ U] + g5 B + UR'Gh
+uh Gih; +u2(h0) + VG (hyohyo + ’fh Ay + gyl + u2h Lh,0
Syt hy — % haohy' — Ui hy; — U h,,oha,) £ VG (h%hP o + 4 hei i
+u "Whe P+ UPRORPO =5 ne o hPT — S e nP o — Ut hORP - U h" hP0)
+4b (thg hPi U gwhﬂ + U h"oh P+ UL RSP — ulul P
zh" WP 4 zh“’h/’ bl h‘“hf”l) 2 x % (UK G h +UnGIh,
FUWROR 4+ U hih™ — wlui hih®; + 5 hi by 4§ hgh = ' pipai)
[(w}, — Dy UG'K (Vi® = Phyg) + (VR = 20, UG 1 (VAKO — #P15)]]
+ &5 [(Fho = fihi + fih' = foh®) = (fOh% — fTh%; + f;h® = foh) 5.
Gup = “HL5570, G = BEUZIEL, Gy = Loy, G = =2,

Lil; 4Ml i a7/l ~ N
g” ij gz/ 2u uiulﬂzllf’ gJK _ —ZJK, gJK _ —IJK,
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