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Introduction. Compactification to 4-dimensional anti-de Sitter (AdS,) are of relevance
to several aspects of string theory. In particular, they are central in the CFTj5/AdS,
correspondence. They can also be a first step toward obtaining a de Sitter vacuum if one
devise a way to break supersymetry in a controlled way.

In type ITA, several AdS, vacua have been found without [1-5] or with [6-14] sources
(this is a non exhaustive list of examples). On the contrary, in type IIB, there have been
far less studies. Some results have been found with sources [15-18] but only one example
without sources [3] (even if the solution is singular in the compactified description). It is
to remedy to this state of affairs that we looked for more sourceless vacua in type IIB.
This type of vacua also presents two advantages. The first one is, as we already mentioned,
their use in the CFT3/AdS, correspondence. The second one is the validity of such vacua.
Indeed, in most known examples with sources, the sources are smeared and one can ask if
this assumption is well-founded. Getting rid of the sources also gets rid of this problem.

In order to find sourceless vacua, we use the pure spinors formalism developed in [19-
21]. This permits to obtain linear algebraic equations for the SUSY equations. We are
left, thanks to the integrability theorem [10, 22, 23|, with the Bianchi identities which are
quadratic and differential. Since these are not solvable in all generality, one has to devise
a way to solve them. Taking inspiration from [24], where parts of the quadratic equations
were in fact linear and permitted to solve the whole system of quadratic equations, we put
in place a semi-algorithmical method to solve the equations. We also had to take care of



the differential part which was absent from [24]. This method can be easily generalized to
all type of problems with the same characteristics. Thanks to it, we were able to recover
an example of the known sourceless vacuum [3] and discover two new vacua which are a
priori sourceless. A more careful study shows that these solutions are singular and we give
for one of these examples a possible interpretation in terms of sources.

This paper is organized as follows. In section 1, we present the supersymmetry condi-
tions in the framework of generalized geometry applied to our specific case. In section 2,
we expose the method to solve the quadratic equations. Finally in section 3, we give three
examples of vacua, one of them already known that we recover thanks to our method and
two new ones.

1 The supersymmetry conditions

We are interested in NV = 1 SUSY AdS, vacua in type IIB theories. That is to say that
the manifold the theory lives on is of the type:

ds* = eQAds%4) + ds%ﬁ) ; (1.1)

with A the warp factor. As discussed in [15, 25] such solutions are only possible when the
compactification manifold have SU(2) structure group. Let us recall that a manifold is
said to be of SU(2) structure if it admits a complex one form z, a real and a holomorphic
two-form, 7 and w, that are globally defined and satisfy

2Lz =2, 2z=2z.z=0, (1.2&)
jNANw=0, (1.2b)
2j=zw=0, (1.2¢)

1
j/\j:§w/\(ﬂ. (1.2d)

In order to study N' = 1 vacua with non trivial fluxes, it is convenient to use the
language of Generalized Complex Geometry [26, 27]. We will give here a lightning review
restricted to our specific case, for some more details, see for example [16, 24] and references
therein.

The idea is to express the ten-dimensional supersymmetry variations as differential
equations on a pair of polyforms defined on the internal manifold. In our case they are

A

b = —%Z AN (kj_eiij + zk”w) , (1.3)
A_if N
o, = ¢ 86 2 (ke — ik w), (1.4)

where z, j and w are the forms defining the SU(2) structure, A the warp factor and 6 a free
parameter. The parameters k| and k. (k‘ﬁ + k2 = 1) are related to the choice of structure
on the internal manifold. When k| = 0 and £, = 1 the structure is strict SU(2), while the
general case where both k| and k) are non-zero is often referred to as dynamical SU(2)



structure.}

When k| and k are non zero and constant, we speak of intermediate SU(2)
structure rather than dynamical SU(2) structure [28].
As shown in [20], for type IIB compactifications to AdSs the ten-dimensional super-

symmetry variations are equivalent to the following set of equations on the pure spinors @

(d— HA)(24720_) = —2ue’ P Re @, , (1.5a)
(d—HA)(e? P Re®y) =0, (1.5b)
(d—aHAXém_¢hn¢+)::—3¥A_¢mﬂﬂ¢_)—ée%4*Aﬂﬂ, (1.5¢)

where ¢ is the dilaton and F' is the sum of the RR field strength on M, F' = F; + F5 + F5
and where \ acts on a form as the transposition of all indices

Awp) = (_)Lp/2pr_ (1.6)
The ten-dimensional fluxes are defined in terms of F' by
Fogy = voly ANA(xF) + F. (1.7)
The complex number p determines the size of the AdS, cosmological constant
A = =3 (1.8)
It is convenient to introduce the rescaled forms
o=, (1.9)

(1.10)

but for simplicity of notation, we will drop the ~ symbols in the rest of the paper.

Plugging the explicit form of (1.3) and (1.4), into the SUSY variations (1.5a)—(1.5¢c),
one can deduce the general conditions for AdSy; N =1 SUSY vacua in terms of the forms
z, w, j and the fluxes. As discussed in [16], (1.5a) implies

k=0 or cosf =0. (1.11)

We will choose the first case namely a strict SU(2) structure. In this case, the equa-
tions (1.5a)—(1.5¢c) become:

(d— HA) (4702 A e™) = 2|u|e®A % (wr — zrz1wR) (1.12a)
(d—HN) (62A7¢(w1 — zrzwr)) =0 (1.12b)
(d— HN) (64A_¢(wR + zrzIwr)) = —3|ple*A ™ Tm(z A e7) + et x A(F) (1.12¢)

with R and I denoting the real and imaginary part.

"When kj =1 and k; = 0 the internal manifold is said to be of SU(3) structure. We will not consider
this case here.



2 Description of the method

In this section, we present the semi-algorithmical method used to find new sourceless vacua
in NV =1, AdS; in type IIB. In fact this method can be extended to all problems where
parts of the equations are linear, i.e. of the type (2.5), and parts of the equations are
quadratic/differential, i.e. of the type (2.6).

2.1 Step 0: definitions

Let €' be a 6D vielbein on the internal manifold. Define:

21 = ete! 4 ie?) 2 = e’ (e +ie?) z3 = e’ (€5 +ieb) (2.1)
Then
z =2 (2.2)
Jj= %(22 AZg + 23 A Z3) = 24 (3 + %) (2.3)
w=z29 N zzg=e* (3% — €10 +i(e® + %)) (2.4)

define a SU(2) structure on the internal manifold. Moreover define
. 1 . . . . ,
de’ = -5 Fne’® dA = dA;é’ dp = dg;e’ Fy| = Fyé’
F3 = ngwg F5 = F5iwé H = szé
where w,i are the canonical real basis of k-forms on a 6-dimensional manifold (for example
wsai = {123,124 ).

We are looking for a sourceless solution in type IIB with a strict SU(2) structure
internal manifold. That is to say that we have to solve for (1.12a)—(1.12¢) and for the
sourceless Bianchi identities dH = 0 and dg F' = 0. We will also require that d (d(ei)) =0
in order to constrain more the system and be sure to obtain a well-defined manifold at the

end of the day.
We also define the following set of variables:

T; = {f'}, dAs, dei, Fis, Fsi, Fs;, Hs;}

to which we will add the parameter Ty = |u|. It is important to put this parameter with
the variables in order to obtain fully linear (2.5) and fully quadratic (2.6) equations. We
can claim we have a solution when we find a set of 7T; that solves the aforementioned
equations. Indeed, all the equations of motion are solved in this case (see for example [19]
and references therein).

2.2 Step 1: obtaining linear constraints

The equations (1.12a)—(1.12c) are linear in the 7;’s and of the form:

Ey = { > ot = 0} (2.5)
k

We can easily solve for them and thus eliminate some of the T;’s.



2.3 Step 2: eliminating the derivative in the quadratic equations

The rest of the equations are quadratic in the 7;’s and are of the form:

Ey = { Z o, " (dT) 1, + Z B Ty = 0} (2.6)
Gk

gk

where we defined d(T;) = (dT);;¢’. If these equations are quadratic in the T}’s, they are
linear in the (dT');;’s so we can “solve” for them to simplify the system and obtain two sets
of equations of the type:

Es; = { Z O%jk(dT)jk + Z 5z‘jijTk = 0} (2.7)
ik

j?k

Ey = { > oM = o} (2.8)

kl

Maybe it can be better explained with an example. Assume the system FEo; is composed
of two equations (dT)12 + T1T> = 0 and (dT)12 + (T2)? = 0, “solving” for (dT);2 means
keeping one of the two equations unchanged, and replace (dT');2 in the other one to obtain
the system Ey;: TiyTy = (T3)%. In other words, we are splitting Es; in two, one part, Fs;
with all the (dT");;’s and the other, Ey; with only T;’s.

2.4 Step 3: simplifying the leftover quadratic equations

We can still simplify a bit the system of equations Ey; (2.8). Indeed, in general, all the
equations are not independent and there exists a simple trick to easily get a minimal system.
Simply define (T7T");; = T;T};, with 4 < j. Then the system is linear in these new variables
and by solving it, one obtains a minimal system in the (77");;’s. One just has to go back to
the Tj’s to have simplified E4;. Moreover while solving for the (T7);;’s, we can make it so
that (7'7")¢; appears as much as possible. It will help us get simpler equations for step 4.

2.5 Step 4: adding linear constraints

The goal of this step is to obtain a linear constraint from the set of quadratic constraints
to simplify the original problem. This is inspired by [24] where some linear conditions were
hidden in the quadratic constraints and permitted to fully solve these equations.

Having simplified the system in steps 2 and 3, some equations may immediately give
such a linear constraint:

e One of the equation can be of the form Y_,(3, afT},)? = 0. Then the linar constraints
are Y, a¥Ty, = 0 for all i.

e One of the equations can be of the form Ty Y, a*T}, = 0. Since Ty = |u|, which is
non-zero since the external manifold is AdS, one can conclude ), o*T}, = 0 which is
linear.



If one is not in one of the case above, one has to make an assumption. The system can
often give an hint on what is a sensible assumption or not. Indeed, some equations are
simpler than other and help make a choice. But how can one find these simpler equations
in a system which can be quite complicated? The answer is to look at the eigenvalues of
o seen as a matrix in (2.8). The equations with a small number of non-zero eigenvalues
are usually sufficiently simple to make sensible assumptions (see section 3.1 for an explicit

example).

2.6 Step 5: going back to step 1

We are now going back to step 1 with the additional linear constraints obtained in step 4.
We are forced to do all the work again for the following reason. Assume you had for
example the equation (dT')1; = (72)? in the system Es; (2.7) and that you found 7} = 0
as a linear constraint in step 4. Then it implies (d7)1; = 0 and so (72)? = 0 in step 2
which will give the linear constraint 75 = 0 in step 4. This is the strength of the method:
simplify sufficiently the quadratic constraints to spot the linear constraints hidden in them
to be able to discover even more linear constraints.

Thus we are going from step 1 to step 4 to step 1 again until one of the three following
things happen:

e The system has no solution: it means that one of the assumptions made in step 4 is
wrong and should be discarded or that there is no solution within the ansatz one was
given.

e [y (2.8) is empty then one can go to the final step.

e Ey4; (2.8) is not empty but is sufficiently simple to be able to find a non linear solution
of it. Then one can go to the final step.

2.7 Final step: solving the last equations

Ideally at this point both F3; and Ey; defined in step 2 are empty but this is often not the
case. Nevertheless, they are usually sufficiently simple to be solved by traditional methods.
To sum up, the above steps take care of the linear parts of the equations and of some of the
quadratic constraints by assuming some linear constraints. What is left are the differential
and quadratic parts. An explicit example of this step will be given in section 3.1.

3 Examples of new vacua

In this section we give some examples of solutions found by the above method. One of
them is already known as a Liist-Tsimpis solution [3]. The other two, as far as the author
knows, are two new vacua in type I1B.

3.1 An example of Liist-Tsimpis solution

We will give an example of a Liist-Tsimpis solution [3]. In this section we will also give a
detailed account of how the method works in this particular case.



First of all we assume that there is no vector or tensor in the torsion classes as they
do in [3]. These are linear constraints in our variables T;’s so can already be put in step 1.
We will also require de? = de® = 0 that is to say, we want e = dz? and e = dz?, z? and
23 being coordinates. This requirement is also linear and can be put in step 1. Finally, we
will require that all the variables are functions of only #? and 3. Part of this requirement
is linear (for example, dA; = 0 for j # 2,3). The other part is differential and means that
(dT);; = 0 for j # 2,3 and appears in step 2.

We run the algorithm from step 1 to step 3 and take a look at the resulting system
E4; (2.8). It contains several simple equations: |u|(f%; — %) = |plfls = lulflys =
1| (f%5 — f44) = [l f%5 = 0. We add these linear (since |u| # 0) constraints to step 1.

Then we rerun the algorithm from step 1. In step 4, we obtain only one equation in
Ey; namely: (f4:)2 + 4(dA3)? — % = 0. We are in the case where there is no obvious

linear constraint. So we will make a choice: f4:; = 0 and dAy = @ to solve it.

We rerun the algorithm from step 1 and find that Fy; is empty. So we go to the final
step and take a look at F3; (2.7). There are 4 equations in it (the projections on e? and e3
of the two following expressions):

d(f434) = (2( 434)2 - 434f636)63 (3.1)
d(f%) = (5lul> = 2(f%4)” + 2154 %6 + (f%6)7) € (3.2)

There exists a simple solution to this system: f%, = 0 and f%g(2®) = V/5|u| tan (V5| p| (23—
xo)) with x¢ an integration constant. With this, Fs; and FEy; are empty which means we
have successfully solved all the relevant equations.

Let’s now give explicitly the results. We have:

de' = 2|p|(e%° + &%) de* = d(dz?) =0 de? = d(dz3) =0 (3.3)
) 5
det = <Dl — e de® = DJple 4 e ded = fle®

The fluxes, dilaton and warp factor being:

Fy =0 (3.4a)
ple=24 V5 (—el35 4 146 234 256

F3 = T( 5(—e'® 4 eM0) — et — ) (3.4b)

Fs5 = 3|u|e!3%50 (3.4c)

H — \M\eZA (\/5( 134 156 235 246 4d

=5 et 4 e!0) + 2 — ) (3.4d)

¢ = 4A = V/5|p|x? (3.4¢)

with f%g(23) = V/5|u|tan (V5|u|(23 — z0)) with z¢ an integration constant. This is a
solution of the A" =1 SUSY equations, the sourceless Bianchi identities and d(d(e")) = 0
and so of all the equations of motion. Moreover, there are no vectors and no tensors in the
torsion classes.

In order to understand more this solution, it is useful to give a coordinate expression
of the metric or at least identify each part of the space. In that regard, one can take the



following change of variables:

2~1 2 3 6

el = € f(@)dx e? = da? e = da® (3.5)
Slul  5|pl/5lul? + f(23)2

A et . & 6 dz®

RV ST VB " T APt f @

with f(23) = v/5|p| tan (v5|p|(z® — 20)) with zo an integration constant and the triplet
{e',& &%} parametrizing a SU(2) dé' = &%, dé* = —&'°, dé® = 4. If one wants to see
explicitly the squashed Sasaki-Einstein of Liist-Tsimpis [3], we now give the correspondence
with their objects (note that for us Wyt = |p| and cpr = 0):

6
dtir = e?
5 2
M = — ] (€36 + %5

6

5 .
apr = 6|M\2(sm(0m)(e34 +e%) + cos(frr) (¥ — ™))

5 .
Brr = 6\#\2(005(9LT)(634 +e%%) — sin(fpy) (e*® — €%))
with 0;1 a constant.

3.2 A new solution with constant dilaton

Applying the method to more complex cases, we were able to identify two new vacua. Here
we present the first one which has the particularity to have a constant dilaton. We will
make an ansatz on the solution to make the method converge more rapidly (this ansatz
has been found by trial and error from the general case). We will assume that de® = dw3

and that all the variables depend on x3 only. We will also assume that de? = —f5e?,
det = — f§14634 and de® = — f§5e35. Then some iterations of the algorithm give the following
algebra:
de' = (4dAz(w3) — dos(x3))e™ + 2|p|(e* + *) (3.6a)
de* = (4dAsz(x3) — dps(z3))e? (3.6b)
de® = d(dx3) =0 (3.6¢)
det = — f3,(x3)e3 (3.6d)
de® = —(dos(v3) + fiu(x3))e® (3.6e)
de® = 5|ple’® — f35(w3)e? — (2dAs(x3) — dga(x3) — fau(x3))e™
+ (4dAs(x3) — 2dp3(xs) — 2f34(w3))e® (3.6f)

with dA = dAsz(z3)e® and dp = dps(w3)ed. Moreover, in order to verify the Bianchi
identities and d(d(e")) = 0, the four functions verify the following equations (which are the



system FEj3; (2.7) in this case):

/_5‘/1‘2 A)2 yue 162
=y +6(dA3)” +d 3f34+2(f23) (3.7a
(

)

) = 10dAsdps — 2(d¢3)® + dos fay + (f53)°

(f31)" = 10|p|*+16(dA3)* — 16d Azdps+4(ds)® —6dAs f4,+4dds f,+3(f3,)°  (3.7c
) 4

Unfortunately, the author hasn’t been able to solve these equations in all generality. But
there exists the following more simple solution (which is the above one with d¢ = 0,
fiy = 4dAs and S5 = 0):

de' = 4dAz(x3)e! + 2|l (e3¢ + &%) (3.8a)
de? = 4dAz(z3)e? (3.8b)
de® = d(dx3) =0 (3.8¢)
de* = —4dAsz(z3)e3 (3.8d)
de® = —4dAz(x3)e® (3.8¢)
deb = 5|ple'® + 2dA3e3® — 4dAze™ (3.8f)

The fluxes, dilaton and warp factor being:

F=0 (3.92)

Fy=¢e*A (4dA3(x3)6125 + || (—3e®* + 26256)) (3.9b)

Fy = 3¢ pu|e!3456 (3.9¢)

H=¢*4 (4dA3(x3)el24 + || (3% + 26246)) (3.9d)

¢=0 (3.9¢)

dAz(x3) = |H2| tan (5|p|(z3 — 20)) (3.9f)
1

A(zs) = 1o log <cos (5p| (x5 — xo))) (3.9¢)

with z¢ an integration constant. This is a solution of the N' = 1 SUSY equations, the
sourceless Bianchi identities and d (d(ei)) = 0 and so of all the equations of motion.
We then put its expression in coordinates by the following change of variables:

1_ 2 2|l 6
e =2lulf(xs)se + dAg(xg)f(xg)%dx (3.10a)
€2 = f(z3)5da> (3.10b)
€3 = dry = dAs(z3) f(z3) 10 dal (3.10c)
et = f(x3)5da (3.10d)
e’ = f(l‘g)%d.f5 (3.10e)
b = 4dA3($3)f($3)%él + 10 —da (3.10f)
(z3)10



with del = da’y A dazS + dz* A dz® and f(x3) = m. Unfortunately, the author

has not been able to obtain an explicit change of variables to go from z3 to zf.

3.3 A new solution with non constant dilaton

3.3.1 The solution

Another solution arose from the method described, one with non constant dilaton. Once
again to make the method converge more rapidly one takes an ansatz (this ansatz has been
found by trial and error from the general case). We will assume that de® = dx3 and that
all the variables depend on x3 only. We will also assume that de? = —ff,e34 and H = 0.
After some iterations of the algorithm, one obtains:

de' = dAz(x3)e' + 2|p|(e3® + ) (3.11a)
de* = dAs(z3)e* (3.11b)
de® = d(dz3) =0 (3.11c)
2
det — W 3.11d
© T dAy(ay)" ( )
5 _ 14 35 |M|2 46
de® = 2|ule dAs(x3)e 7dA3(x3)e (3.11e)
6 _ 13 36 ’H’Q 45
de® = 2|ule dAs(z3)e™ + 7dA3(x3)e (3.11f)

The fluxes, dilaton and warp factor being:

Fr = e ?(|ule' — 2dAs(z3)e®) (3.12a)
Fy = 249 (dAg(I3)6125 — 3| ule®3t + |M|e256) (3.12b)
Fy = 3|pe!31%6 (3.12¢)
H=0 (3.12d)
dA = dAsz(z3)e’ = ’g’ tan (2|p|(z3 — xo))e3 (3.12e¢)
1
A=—7log (cos (2] (5 — xo))) (3.12f)
dp = dpze® = 3dAz(z3)e’® (3.12g)
¢ =3A+ cst (3.12h)

with g an integration constant. This is a solution of the N/ = 1 SUSY equations, the
sourceless Bianchi identities and d (d(ei)) = 0 and so of all the equations of motion.

,10,



Once again a coordinate expression is useful. Do the following change of variables:

el = cos(2|p|za) cos(X) sin(X) Tdzy + sin(2|p|za) cos(X) sin(X)1dzs + sin(X)1dze

(3.13a)
€2 = sin(X)1dzy (3.13b)

dX

3

3 — 22 3.13c
2l (3:45)
et = cos(X)dxy (3.13d)
e® = —sin(2|u|z4) sin(X)id:cl + cos(2|p|xa) sin(X)idm (3.13e)

e = — cos(2|u|zs) sin(X)%dxl — sin(2|p|z4 SiH(X)ngL‘g, + cos(X) sin(X)ide (3.13f)

with X = (2|p|(z3 — 20)) + 5. Note that e? = sin(X)_i. We give the expression of the
metric in the (z1,x2, X, x4, T5, x6) system of coordinates:

10 0 0 00
01 0 0 00
1

00 Grvamm 000

9ij = 00 0 cos(X)? 00 (314)
\/sin(X)

00 0 0 10

00 0 0 01
One can also calculate the Ricci scalar: R = | MIZM which goes to infinity when X

(sin(X))2
goes to 0. This shows that, a priori, this space is singular. Around 0, this metric doesn’t

have the form of the D-brane metric so one has to better understand this singularity. In
order to do that, let’s look at the ten dimensional metric around X = 0 at first order:

ds? = Lds2 + (da? 4 da3 + da? + da?) + ax? + ] (3.15)
vx @ ApvX VX
Then define & = %, the metric around 0 becomes:
1
ds* = W(ds%4) +da3) + (daf + dz3 + da? + dag) + |p|2dE? (3.16)

This shows that this system can be mapped to a D5-D7 intersecting system which are delo-

calized in the {1,2, 5,6} directions. For example D5 along x!, z* and D7 along 22, 2%, 2%, 2°.

Indeed, we are in the case of a system similar to (10) of [29] with only one transverse direc-
tion for both branes (the Z direction), and Hs = H; = |u|Z being the associated harmonic
function. Similarly according to equation (478) of [30], one has e=2? = HyH? = |u|3%3

which corresponds to the dilaton value on the solution around X equal zero: e=2¢ = ¢~ 64 =

SIn(X)? =x_y0 X3 = |u|335.

— 11 —



3.3.2 T-dual solution

One can see that there exists several isometric directions for this solution (at first sight dz1,

dxy, dzs, dxg). To illustrate this, we will explicitly give the T-dual along the dxy = eAe?

direction. The resulting solution in ITA is:

de' = dAs(z3)e' + 2|u| (e3¢ + ) (3.17a)
de? = dAz(x3)e® (3.17b)
de® = d(dx3) =0 (3.17¢)
get = 0 (3.17d)
dAg(.fg)
2
de® = 2lule™ — dA 35 |1l 46 317
€ |ule s(z3)e dAs(x3) € ( e)
2
deb = 9luleld — dA 36 1] 45 3.17f
€ |,U,|6 3($3)6 + dAg(ng)e ( )

The fluxes, dilaton and warp factor being:

Fo=F=H=0 (3.18a)
Fy = A0 (|ule!? — 2dAze® + 2d Aze?® — 3|pule3* + |ule®) (3.18b)
Fy = 3e547%| ] 123456 (3.18¢)
dA = dAs(z3)e® = % tan (2|p|(z3 — .%'0))63 (3.18d)

A= —% log (COS (2| (x5 — :Eo))> (3.18e)
dp = dpze® = 3dAz(w3)e® (3.18f)

¢ =3A+ cst (3.18g)

Note that the space the solution lives on is the same in both ITA and IIB. But in ITA,
contrary to I1IB, we have, the following SU(3) structure:

21 = eiet — €?) 7 = e(e? +iet) 23 = e (ie® — €%) (3.19)

z2=2 (3.20a)

j= %(zg AZo + 23 AZ3) = 24 (3 + ) (3.20b)

w=2Nz3= eQA( — e3P 410 4 (- — 645)) (3.20c)

Q=zAw (3.20d)

J= %z/\%—&—j (3.20e)
- A

O, = —%e—” (3.20f)
A

o = —%Q (3.20g)
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Conclusion and outlooks. In this paper, we managed to identify two new vacua in
type IIB which are explicit. It is a step forward in identifying the web of vacua in type II.
We also have been able to discover a new IIA solution by applying T-duality along an
isometric direction on one of the solutions. Omne caveat should be pointed out: these
solutions are indeed sourceless if the space is smooth which is not guaranteed by the
analysis. Indeed, one could find localized sources (or partially localized sources as we did
for the second example) but it is not in the scope of this paper.

To obtain these new vacua, we devised a semi-algorithmical method which can be
applied to lots of other similar situations. Indeed, one can apply it to type IIA to discover
new vacua (and we should be able to easily recover the one we found here), or to type IIB
with dynamic SU(2) structure instead of the strict SU(2) structure we restricted to in
this paper. More generaly, one can apply it to all problems with a linear part and a
quadratic/differential part of the type (2.5), (2.6). In that respect, one can see this paper
as a proof of concept for the method.

There is also lots of room for improvement for the method depending on which prob-
lems one applies it to. Indeed, in this paper we restricted to having only one parameter
which had to be non zero |u|. In fact it is quite common to find other linear combina-
tions of variables to be non zero. Then one can modify step 3 and step 4 to take that
into account and be provided with even more linear constraints. Another improvement
concerns the automatization. In step 4, it is quite common to have constraints of the type
(32, &'T;)(3° BT;) = 0. One can incorporate this case in the algorithm to build a tree of
assumptions (here one branch is given by (3, a’T;) = 0 and the other by (> 8'T;) = 0)
instead of just choosing one.

Acknowledgments

The author would like to thank Joohno Kim, Dario Rosa and Alessandro Tomasiello for
useful discussions. The author is supported in part by INFN and by the European Research
Council under the European Union’s Seventh Framework Program (FP/2007-2013) ERC
Grant Agreement n. 307286 (XD-STRING).

Open Access. This article is distributed under the terms of the Creative Commons
Attribution License (CC-BY 4.0), which permits any use, distribution and reproduction in
any medium, provided the original author(s) and source are credited.

References
[1] A. Tomasiello, New string vacua from twistor spaces, Phys. Rev. D 78 (2008) 046007
[arXiv:0712.1396] [NSPIRE].

[2] M. Petrini and A. Zaffaroni, N' = 2 solutions of massive type IIA and their Chern-Simons
duals, JHEP 09 (2009) 107 [arXiv:0904.4915] iNSPIRE].

[3] D. Liist and D. Tsimpis, New supersymmetric AdSy type II vacua, JHEP 09 (2009) 098
[arXiv:0906.2561] [INSPIRE].

,13,


http://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.1103/PhysRevD.78.046007
https://arxiv.org/abs/0712.1396
http://inspirehep.net/search?p=find+EPRINT+arXiv:0712.1396
http://dx.doi.org/10.1088/1126-6708/2009/09/107
https://arxiv.org/abs/0904.4915
http://inspirehep.net/search?p=find+EPRINT+arXiv:0904.4915
http://dx.doi.org/10.1088/1126-6708/2009/09/098
https://arxiv.org/abs/0906.2561
http://inspirehep.net/search?p=find+EPRINT+arXiv:0906.2561

[4]

[5]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

P. Koerber and S. Kors, A landscape of non-supersymmetric AdS vacua on coset manifolds,
Phys. Rev. D 81 (2010) 105006 [arXiv:1001.0003] [INSPIRE].

A. Guarino, D.L. Jafferis and O. Varela, String theory origin of dyonic N'= 8 supergravity
and its Chern-Simons duals, Phys. Rev. Lett. 115 (2015) 091601 [arXiv:1504.08009]
[INSPIRE].

K. Dasgupta, G. Rajesh and S. Sethi, M-theory, orientifolds and G-fluz,
JHEP 08 (1999) 023 [hep-th/9908088] [INSPIRE].

S.B. Giddings, S. Kachru and J. Polchinski, Hierarchies from fluxes in string
compactifications, Phys. Rev. D 66 (2002) 106006 [hep-th/0105097] [INSPIRE].

K. Behrndt and M. Cveti¢, General N' =1 supersymmetric flux vacua of (massive) type ITA
string theory, Phys. Rev. Lett. 95 (2005) 021601 [hep-th/0403049] [INSPIRE].

J.-P. Derendinger, C. Kounnas, P.M. Petropoulos and F. Zwirner, Superpotentials in ITA
compactifications with general fluzes, Nucl. Phys. B 715 (2005) 211 [hep-th/0411276]
[INSPIRE].

D. Liist and D. Tsimpis, Supersymmetric AdSy compactifications of 1A supergravity,
JHEP 02 (2005) 027 [hep-th/0412250] [INSPIRE].

0. DeWolfe, A. Giryavets, S. Kachru and W. Taylor, Type ITA moduli stabilization,
JHEP 07 (2005) 066 [hep-th/0505160] [INSPIRE].

P. Koerber, D. Liist and D. Tsimpis, Type IIA AdSy compactifications on cosets,
interpolations and domain walls, JHEP 07 (2008) 017 [arXiv:0804.0614] [INSPIRE].

C. Caviezel et al., The effective theory of type IIA AdS, compactifications on nilmanifolds
and cosets, Class. Quant. Grav. 26 (2009) 025014 [arXiv:0806.3458] INSPIRE].

O. Varela, AdSy solutions of massive ITA from dyonic ISO(7) supergravity,
JHEP 03 (2016) 071 [arXiv:1509.07117] [ixSPIRE].

D. Liist and D. Tsimpis, Classes of AdSy type IIA/IIB compactifications with SU(3) x SU(3)
structure, JHEP 04 (2009) 111 [arXiv:0901.4474] [InSPIRE].

M. Petrini, G. Solard and T. Van Riet, AdS vacua with scale separation from IIB
supergravity, JHEP 11 (2013) 010 [arXiv:1308.1265] [INSPIRE].

E. D’Hoker, J. Estes and M. Gutperle, Ezact half-BPS type IIB interface solutions I: local
solution and supersymmetric Janus, JHEP 06 (2007) 021 [arXiv:0705.0022] nSPIRE].

B. Assel, C. Bachas, J. Estes and J. Gomis, Holographic duals of D =3 N =4
superconformal field theories, JHEP 08 (2011) 087 [arXiv:1106.4253] [INSPIRE].

M. Grana, R. Minasian, M. Petrini and A. Tomasiello, A scan for new N = 1 vacua on
twisted tori, JHEP 05 (2007) 031 [hep-th/0609124] INSPIRE].

M. Grana, R. Minasian, M. Petrini and A. Tomasiello, Supersymmetric backgrounds from
generalized Calabi-Yau manifolds, JHEP 08 (2004) 046 [hep-th/0406137| [INSPIRE].

M. Grafa, R. Minasian, M. Petrini and A. Tomasiello, Generalized structures of N' =1
vacua, JHEP 11 (2005) 020 [hep-th/0505212] [INSPIRE].

J.P. Gauntlett, D. Martelli, J. Sparks and D. Waldram, Supersymmetric AdSs solutions of
type IIB supergravity, Class. Quant. Grav. 23 (2006) 4693 [hep-th/0510125] [INSPIRE].

— 14 —


http://dx.doi.org/10.1103/PhysRevD.81.105006
https://arxiv.org/abs/1001.0003
http://inspirehep.net/search?p=find+EPRINT+arXiv:1001.0003
http://dx.doi.org/10.1103/PhysRevLett.115.091601
https://arxiv.org/abs/1504.08009
http://inspirehep.net/search?p=find+EPRINT+arXiv:1504.08009
http://dx.doi.org/10.1088/1126-6708/1999/08/023
https://arxiv.org/abs/hep-th/9908088
http://inspirehep.net/search?p=find+EPRINT+hep-th/9908088
http://dx.doi.org/10.1103/PhysRevD.66.106006
https://arxiv.org/abs/hep-th/0105097
http://inspirehep.net/search?p=find+EPRINT+hep-th/0105097
http://dx.doi.org/10.1103/PhysRevLett.95.021601
https://arxiv.org/abs/hep-th/0403049
http://inspirehep.net/search?p=find+EPRINT+hep-th/0403049
http://dx.doi.org/10.1016/j.nuclphysb.2005.02.038
https://arxiv.org/abs/hep-th/0411276
http://inspirehep.net/search?p=find+EPRINT+hep-th/0411276
http://dx.doi.org/10.1088/1126-6708/2005/02/027
https://arxiv.org/abs/hep-th/0412250
http://inspirehep.net/search?p=find+EPRINT+hep-th/0412250
http://dx.doi.org/10.1088/1126-6708/2005/07/066
https://arxiv.org/abs/hep-th/0505160
http://inspirehep.net/search?p=find+EPRINT+hep-th/0505160
http://dx.doi.org/10.1088/1126-6708/2008/07/017
https://arxiv.org/abs/0804.0614
http://inspirehep.net/search?p=find+EPRINT+%22ARXIV:0804.0614%22
http://dx.doi.org/10.1088/0264-9381/26/2/025014
https://arxiv.org/abs/0806.3458
http://inspirehep.net/search?p=find+EPRINT+arXiv:0806.3458
http://dx.doi.org/10.1007/JHEP03(2016)071
https://arxiv.org/abs/1509.07117
http://inspirehep.net/search?p=find+EPRINT+arXiv:1509.07117
http://dx.doi.org/10.1088/1126-6708/2009/04/111
https://arxiv.org/abs/0901.4474
http://inspirehep.net/search?p=find+EPRINT+arXiv:0901.4474
http://dx.doi.org/10.1007/JHEP11(2013)010
https://arxiv.org/abs/1308.1265
http://inspirehep.net/search?p=find+EPRINT+arXiv:1308.1265
http://dx.doi.org/10.1088/1126-6708/2007/06/021
https://arxiv.org/abs/0705.0022
http://inspirehep.net/search?p=find+EPRINT+arXiv:0705.0022
http://dx.doi.org/10.1007/JHEP08(2011)087
https://arxiv.org/abs/1106.4253
http://inspirehep.net/search?p=find+EPRINT+arXiv:1106.4253
http://dx.doi.org/10.1088/1126-6708/2007/05/031
https://arxiv.org/abs/hep-th/0609124
http://inspirehep.net/search?p=find+EPRINT+hep-th/0609124
http://dx.doi.org/10.1088/1126-6708/2004/08/046
https://arxiv.org/abs/hep-th/0406137
http://inspirehep.net/search?p=find+EPRINT+hep-th/0406137
http://dx.doi.org/10.1088/1126-6708/2005/11/020
https://arxiv.org/abs/hep-th/0505212
http://inspirehep.net/search?p=find+EPRINT+hep-th/0505212
http://dx.doi.org/10.1088/0264-9381/23/14/009
https://arxiv.org/abs/hep-th/0510125
http://inspirehep.net/search?p=find+EPRINT+%22HEP-TH/0510125%22

[23] P. Koerber and D. Tsimpis, Supersymmetric sources, integrability and generalized-structure
compactifications, JHEP 08 (2007) 082 [arXiv:0706.1244] INSPIRE].

[24] G. Solard, N' =1 SUSY AdSy vacua in I[IB SUGRA on group manifolds,
JHEP 02 (2014) 017 [arXiv:1310.4836] [INSPIRE].

[25] K. Behrndt, M. Cveti¢ and P. Gao, General type IIB fluzes with SU(3) structures,
Nucl. Phys. B 721 (2005) 287 [hep-th/0502154| [INSPIRE].

[26] N. Hitchin, Generalized Calabi-Yau manifolds, Quart. J. Math. 54 (2003) 281
[math.DG/0209099] [iNSPIRE].

[27] M. Gualtieri, Generalized complex geometry, math.DG/0401221 [INSPIRE].

[28] D. Andriot, New supersymmetric fluz vacua with intermediate SU(2) structure,
JHEP 08 (2008) 096 [arXiv:0804.1769] [INSPIRE].

[29] J.P. Gauntlett, D.A. Kastor and J.H. Traschen, Overlapping branes in M-theory,
Nucl. Phys. B 478 (1996) 544 [hep-th/9604179] [INSPIRE].

[30] D. Youm, Black holes and solitons in string theory, Phys. Rept. 316 (1999) 1
[hep-th/9710046] [INSPIRE].

,15,


http://dx.doi.org/10.1088/1126-6708/2007/08/082
https://arxiv.org/abs/0706.1244
http://inspirehep.net/search?p=find+EPRINT+%22ARXIV:0706.1244%22
http://dx.doi.org/10.1007/JHEP02(2014)017
https://arxiv.org/abs/1310.4836
http://inspirehep.net/search?p=find+EPRINT+arXiv:1310.4836
http://dx.doi.org/10.1016/j.nuclphysb.2005.05.020
https://arxiv.org/abs/hep-th/0502154
http://inspirehep.net/search?p=find+EPRINT+hep-th/0502154
http://dx.doi.org/10.1093/qjmath/54.3.281
https://arxiv.org/abs/math.DG/0209099
http://inspirehep.net/search?p=find+EPRINT+math/0209099
https://arxiv.org/abs/math.DG/0401221
http://inspirehep.net/search?p=find+EPRINT+math/0401221
http://dx.doi.org/10.1088/1126-6708/2008/08/096
https://arxiv.org/abs/0804.1769
http://inspirehep.net/search?p=find+EPRINT+arXiv:0804.1769
http://dx.doi.org/10.1016/0550-3213(96)00423-3
https://arxiv.org/abs/hep-th/9604179
http://inspirehep.net/search?p=find+EPRINT+hep-th/9604179
http://dx.doi.org/10.1016/S0370-1573(99)00037-X
https://arxiv.org/abs/hep-th/9710046
http://inspirehep.net/search?p=find+EPRINT+%22HEP-TH/9710046%22

	The supersymmetry conditions
	Description of the method
	Step 0: definitions
	Step 1: obtaining linear constraints
	Step 2: eliminating the derivative in the quadratic equations
	Step 3: simplifying the leftover quadratic equations
	Step 4: adding linear constraints
	Step 5: going back to step 1
	Final step: solving the last equations

	Examples of new vacua
	An example of Lüst-Tsimpis solution
	A new solution with constant dilaton
	A new solution with non constant dilaton
	The solution
	T-dual solution



