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1 Introduction

Supergravity solutions on AdS spaces often arise as the near-horizon limit of brane intersections.
One such example comes from the NS1-NS5-NS5 brane system, whose geometry near the
horizon is AdSs3 x S§% x S3 x S1 [1]. This constitutes a part of a type-II supergravity solution,
which is also supported by a Neveu-Schwarz (NS) three-form with components proportional
to the volume forms of AdS3 and the two S®’s. Such a configuration is half-maximally
supersymmetric [1].

Furthermore, the metric on AdS3 x S3 x S3, along with the three-form flux, can be viewed
as a WZW model [2] on SL(2,R) x SU(2) x SU(2). Deformations of WZW models on semi-
simple groups that preserve integrability have garnered considerable attention in the literature.
Examples of such deformations include the A-model [3] and generalisations of it [4-11].

Integrable o-models can be an important playground for studying new paradigms of the
AdS/CFT correspondence [12]. In this regard, it is useful to promote the o-model background
fields to a full supergravity solution. That means constructing the appropriate dilaton and
Ramond-Ramond (RR) fields that are necessary for the equations of motion to be satisfied.



In the context of the A-model, this was first achieved in [13] for the deformation based on
SL(2,R) x SU(2), as well as deformations based on symmetric spaces. Nevertheless, in the
case of SL(2,R) x SU(2), the outcome was a solution of the type-IIB* supergravity [14], and
as such, it is of no interest for our considerations.! This problem for the embedding of the
SL(2,R) x SU(2) A\-model has been successfully addressed recently in [15] by an analytic
continuation of the SL(2,R) parameters. As a result, the first 1/4 supersymmetric type-11
solution from a A-deformed model has been found.

In the present work, we construct the A-deformation for the near-horizon limit of the
NS1-NS5-NS5 setup, and we show that it is 1/4 supersymmetric. The background presented
in [15] can be obtained by a zoom-in limit that makes one of the deformed three-spheres flat.
We also consider the Penrose limits [16] around two null geodesics of the deformed geometry
and demonstrate the non-existence of supernumerary supercharges for the pp-wave solutions.

The plan of the paper is as follows: in section 2, we construct the 1/4 supersymmetric
type-IIA solution and we lift it to eleven dimensions. We also consider various zoom-in limits
and discuss the relationship with the A-deformed AdS3 x S% x T* background. Section 3 is
devoted to the supersymmetry analysis of the deformed type-ITA solution. In section 4, we
discuss two Penrose limits and the supersymmetry of the associated plane-wave solutions.
Conclusions and future ideas are contained in section 5. We have also included four appendices.
In appendix A, we collect the background fields for the A-deformed o-models on SL(2,R)
and SU(2). Appendix B offers a review of the undeformed pure NS and type-IIA /IIB pure
RR backgrounds on AdSs x S3 x S3 x S'. Appendix C contains the type-IIB counterpart
of the A-deformed solution discussed in section 2. Details on the Killing spinor equations
are collected in appendix D.

2 The type-ITA deformed solution

In this section we describe how to embed in type-II supergravity two copies of the A-deformed
o-model on SU(2) together with that on SL(2,R). Our approach resembles the idea of [13, 15]
for AdS3 x S x T?. In particular, we want to construct a solution that interpolates between
the pure NS background on AdS3 x S x S3 x S and the non-Abelian T-dual (NATD) of
its pure RR cousin (type-IIA or type-1IB). The non-Abelian T-duality takes place in both
three-spheres as well as the AdS3. For this reason, if the pure RR background is a type-ITA
solution its NATD will be a type-IIB one and vice versa. The aforementioned backgrounds
and their relations are illustrated in figure 1. Below we give the details of the A-deformed
embedding while the pure NS and RR solutions are listed in appendix B.

The metric. Staring with the pure RR solution we derive the metric of the deformed
geometry by three simple replacements. More precisely, we substitute the line element on
AdSs by the one in (A.4) and we do the same for the two three-spheres, where instead we

"More type-II supergravity solutions for A-deformations based on (super) cosets have been constructed
in [17-21]. In addition, embeddings for the closely related n-deformed models [22-25] have been found
in [26-30].



Pure NS Pure RR
AdSs x S% x §% x St AdSs x S% x §3 x St
NS v, RR(IIA/IIB) X NS X, RR(IIA/IIB) v
A-def. NATD
NATD

NATD(AdS; x S? x §3) x S1
NS v, RR(IIB/IIA) v

Figure 1. Relation of the various solutions. Notice that NATD maps a type-ITA theory to a type-I1IB
one and vice versa. The pure NS solution corresponds to A = 0. On the other hand, when A approaches
the identity one finds the NATD backgrounds.

use two copies of the line element in (A.1). The resulting metric has now the form
1+ A 1-—

2 ~
ds2:Lgk<Hd~ A (j) cosh? & (df? — cosh? ﬁdfy?))

1+)\da2+1—/\2
1—-X 1 A(Oq)

1+)\da2+1—>\2
1—X 2 A(ag)

Here the functions A and A are defined in (A.2) and (A.5) respectively. Clearly when A = 0,
the metric (B.1) is recovered, representing the geometry on AdSs x S3 x S3 x S, The latter is

+ 12 k:( sin? oy (dBF + sin? By dﬁ)) (2.1)

+ 13 k( sin? ap (dB3 + sin? By d’y%)) + dw?.

recognised as the spacetime that arises from the near-horizon limit of the NS1-NS5-NS5 brane
setup [1]. However, the presence of the deformation breaks the isometry of AdSs x S3 x 3.
Nonetheless, a subspace with topology AdSs x 5% x S? is still present.

For the better presentation of the RR fields later, we also introduce the orthogonal frame

-\ -\ 1
= Loy [k A coshasmhﬁd'y, el = I kA()\) coshadf. ¢ = Lot/ kit 2 da,

1—-X
+ 1— 22
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) = dw. (2.2)

b =

The NS form. Unlike the pure RR solution where the NS form vanishes, the deformed
solution has a non-trivial two-form. More specifically, there are three contributions coming



from the deformations of the AdS3 and the two three-spheres
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As it is expected, when A\ = 0 the field strength of By reduces to (B.3).

The dilaton. The deformed solution also supports a non-trivial dilaton
1 X
@::—im(A@mA@nyMag). (2.4)

Obviously this vanishes if we set A = 0.

The RR forms. A naive approach to obtain the RR fluxes is to write down an ansatz
inspired from the NATD version of the pure RR solution and then solve the supergravity
equations of motion. However, here we will follow a more systematic procedure proposed
n [13]. According to this, one can build the RR poly-form of the deformed solution, ]/li', from
the poly-form of the pure RR background, F, through the following relation

T = p(NEFQ. (2.5)

The slash in the above expression denotes contraction with the I'-matrices. Moreover, 2 is
a matrix that can be written in terms of the I'’s and pu is a constant that depends on the
deformation parameter. In our case, the matrix 2 (expressed in the basis (2.2)) reads

1
Q=— ((1 — A\)sinh &I + (1 + \) cosh dI‘2>
VA@A()Aas)

X ((1 — A)cos o34 — (1 + \)sin alr?’) (2.6)

X ((1 — ) cos %™ — (1 + \) sin a2F6> .

Also, the constant p has the form
2\

= (2.7)

L)1+ A

Notice that for A = 0 the constant p vanishes and therefore one finds the pure NS solution as
it is anticipated. On the other hand, when A # 0 the deformation generates RR fluxes. The
form of the matrix €2 implies that if we start with a type-IIA solution then the deformed
fluxes are in type-1IB and vice versa. With this in mind, we construct fluxes both in type-1TA
and in type-IIB for the deformed theory. It turns out that the two theories are related via
T-duality in the w direction. For this reason, we provide the RR content of the type-ITA
solution below, whereas we quote the details of the type-IIB one in appendix C.



For the type-IIA RR fields we find that the zero-form (Romans mass) vanishes while
the rest are

1 1
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For the sake of economy we adopt the notation e % = e* A ... Ae%. Notice that the
above field content solves the equations of motion for the type-IIA supergravity under the
condition (B.6). Also, since the Romans mass vanishes this background can be lifted to
eleven dimensions. Later we will give explicit formulas for the uplift.

2.1 The T*? limit

A \-deformed AdS3 x S x T* type-1IB solution that preserves 8 supercharges was constructed
recently in [15]. Here we derive its type-IIA cousin by applying the limit (B.7) in the
supergravity background of the previous section. The two solutions on the A-deformed
AdSs x 83 x T* geometry are related? via a T-duality in one of the torus directions. Below
we present this background in more detail.

The metric. Taking the limit (B.7) in (2.1) gives

1+ A 1—)° < .
ds®> = L3 k(li—/\ da? + A@) cosh? &(df? — cosh? Bd’yQ))

1— )2
A(ay)

14+ A
1—-A
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A

2Up to a shift in the dilaton followed by an appropriate rescaling of the RR fields.

(dp2 + p? (dB3 + sin® By d’yg)) + dw?.




The first three terms in the third line above parametrise a Euclidean three-dimensional
space, R3, and can be replaced by a three-torus, 7. Subsequently, the last can be combined
with dw? to give a T*.

Notice that the frame components €®, e” and €® in (2.2) are mapped as follows

14+ A 14+ A 1+A
6 - A 7 A 8 LA
e r—)“k‘l_)\d,o, e »—Mlkzl_)\pd,@’g, €° kl_)\psmﬂgd’yz. (2.11)

Meanwhile, the rest of the components are not affected by the limit.

The dilaton. In the limit (B.7) the function A(a2) becomes a A-dependent constant. As
a result the dilaton now is

o — —% In (A(@)A(a) (1 - 2?). (2.12)

The NS form. After applying (B.7), the third line in (2.3) vanishes. Therefore we are
left with
o~ (1=N)° . 313 A a5
By = L k| & + —=——cosha sinh& | cosh BdS A dy
A(a)
(1-N?

+ L% k:< —a; + ——Fcosaq sinoq) sin 81 dB1 A dyy -
A(on)

(2.13)

The RR forms. It is easy to see that when taking (B.7), the terms in (2.8) and (2.9) that
contain the radius Ls or the function sin ay vanish. Then for the RR two-form we obtain

1 1
Fy = —2u(1 + \)(1 — \)? <L cosh @& cos o e?? — I sinh & sin a1639> . (2.14)
0 1

Similarly, for the four-form we find

L0+L1

Q0129 3459
Fy=2u(1 —\)? sinhdcosm( )

Lo Ly

e2459 0139
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(2.15)

1 1
4+ 2u(1 4+ N)(1 = \)? < sinh @ sin a; e36® — — cosh @ cos a; 62678> ,
Lo Ly
where for €®, 7 and €8 we consider (2.11).
Notice that the background described above solves the type-IIA equations of motion,
provided that Ly = Li, as can be inferred from (B.6) for large Lo.

2.2 Solutions from other zoom-in limits

It was shown in [3] that when A\ approaches the identity, the A-deformed model on a group
reduces to the non-Abelian T-dual of the corresponding Principal Chiral Model (PCM). To
ensure the consistency of the A — 1 limit one has to relate A to the WZW level k in such a
way that A — 1 as k — oo. At the same time, it is necessary to expand the group element
near the identity by rescaling the group parameters appropriately with inverse powers of k.



At the level of the supergravity solution described in section 2, the NATD limit is
taken by setting

oz:ngr;—z, alz;%, QQZ%, Azl—% (2.16)
and then sending k to infinity. Notice that due to (A.3), the SL(2,R) group element is not
connected to the identity. Therefore, in order to define the NATD limit, one has to consider
an expansion around a complex value of the SL(2,R) group parameters. As it has been
observed in [15], this results in a background with real RR fluxes.

However, this is not the only consistent option one has as A approaches the identity.
Alternatively, one can expand & near zero and the angles a; and g near /2. This opens
up seven additional possibilities for consideration. Nevertheless, we will not delve into all
of these options and will instead concentrate solely on the non-Abelian T-dual limit. The

corresponding field content is given below.

The metric. The line element of the NATD geometry reads

L? ré ~ ~
st =1 (dr% + —2—(df* — cosh? Bd’y%)
2 rg—1

L2 7,2 )
+ 71 (dr% + 2 j_ 1 (dBF + sin® B d’y%)) (2.17)

1"%4—1

L2
+ 5 (drg +

(dB3 + sin® By d’y%)) + dw? .

Notice that in order to maintain the signature, 7 is restricted as |ro| > 1. Moreover, applying
the limit (2.16) in the frame (2.2) we find

L T ~ L T ~ L

~0 0 0 ~ A1 0 0 A2 0

¢ = —=——=coshfBdy, é =-—=——dp, & =—=drg,
\/5 r2 1 \/§ 7‘(2]—1 \/§
L L r L r

~3 1 A4 1 1 A5 1 1 .
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(2.18)

The dilaton. In the NATD limit (2.16) the dilaton diverges. Nevertheless, the divergence
can be absorbed shifting the dilaton by a constant that depends on k. As we will explain
later, this shift will be taken into account when we consider the NATD limit in the RR
forms. Coming back to the dilaton, this reduces to

<I>:—%ln((rg—l)(r%—i—l)(r%—i—l)) . (2.19)



The NS form. The two-form (2.3) has a good behaviour under the limit (2.16) where
one finds

L3 rd Y -
By = —— cosh BdB N dYy — —— sin 81 dB1 A dyy
2 rg—1 2 ri+1
12 3 (2.20)
2 Ty
- == dps N dys .
2 21 sin B2 df2 A dya

The RR forms. The shift in the dilaton that we mentioned earlier is not innocent when
considering the NATD limit in the RR forms. Due to this, we need to rescale the RR fields
by an appropriate k-dependent constant. This ensures that the supergravity equations of
motion are satisfied after the limit (2.16). The resulting RR sector contains a two- and
a four-form. The first is

T2 .36 T0T2 .06 . T0T1 .23 T0 .99 T1 .39 T2 .69
Fr=+v2 — - — — — . 2.21
2 \[( Ly ¢ Ly o Lo ¢ Loe +L16 +L2e ) (221)

For the four-form we find

/s Q0136 52456 52378 /s 22459 20139
Fi=—2 _ 2 _
* r0r1r2< Lo Ly * Lo >+ 7“07“1( Lo Ly )

/s 22780 0169 /s 23789 4569
2rora (| S — Vo[ S
* TOT?( Lo Lo > T1T2< Ly + Lo >

/s p2678  p2345 /s 3678 p0123 /s 23456 0126
— V2 — 2 — 2
r0< Ly Lo )+ Tl( Ly Loy )+ r2( Ly * Ly )

/s 0120 53459 A6789
2 .
* ( Lo * Ly * Lo >

(2.22)

Again, in order to guarantee that the supergravity equations of motion are satisfied we
need to make use of (B.6).

2.3 Uplift to eleven dimensions

We know that any type-IIA solution with zero Romans mass can be lifted to eleven dimensions.
Supergravity in eleven dimensions contains only the metric, ds?;, and a four-form, G4. The
type-IIA fields are encoded in the eleven-dimensional ones in the following way

dS%l = 6_%¢d8%1A + €%¢(d$11 + 01)2 s

(2.23)
G4:F4-|-H/\(d$11+01).

In our case, ds7; 4 is the line element (2.1), ® is the dilaton (2.4), H is the field strength of (2.3),
F, is given in (2.9) and C} is the RR potential of (2.8) such that F, = dCy. For C} we find

L L
Cr=2pk(1+ )\)3L0 sinh & (Ll sin a1 cos ag dap — L—z €os a1 Sin ag da2>
2 1

— 2uy/ k(1 — A2)3 sinh & cos a1 cos as dw .

To make sure that the eleven-dimensional equations of motion are satisfied it is necessary

(2.24)

to take into account (B.6).



3 Supersymmetry analysis

We will now provide a summary of the supersymmetry analysis for the type-IIA background
described in equations (2.1), (2.3), (2.4) (2.8) and (2.9). Further details can be found in
appendix D.2. Due to the fact that the undeformed background exhibits more symmetry
than the deformed one, it is instructive to differentiate between the two cases.

The A = 0 case. As it is explained in appendix D.2 the dilatino equation is solved by
imposing a single projection, namely the one outlined in (D.4). On the other hand, the
gravitini variations are solved by the Killing spinor

€ =exp ( - ;FOla'g) exp <§F0203> < - ;I‘1203>

X exp ( - O;lr‘*%—g) exp (ﬁlr“) (’“r“) (3.1)

X exp ( — C;21“7803> exp (B;I‘m) (7221“78>77,

where 7 is a constant spinor subject to the projection

Ly 012345 Lo ()12678)
— 1T + —T = —-n. 3.2
(L1 Lo " " ( )

Notice that (B.6) ensures that the operator inside the parenthesis squares to the identity. The
condition (3.2) implies that the undeformed solution preserves 16 supercharges, in agreement
with the previously known result [1].

The X\ # 0 case. Allowing for non-trivial values of the deformation parameter generates
RR fluxes. The presence of the RR fields results in extra terms in the dilatino equation,
which vanish by imposing an additional projection. On top of (D.4), eq. (D.7) needs to be
considered. The gravitinii can be integrated by applying the type-IIA chirality condition in
conjunction with the aforementioned projections. This yields an expression for the Killing
spinor which now depends on A

1 1—A 3 3
€ =exp (—2 tanh ™! (1 gy tanh 07) FOldg) exp (gfozag) ( — ;F1203>

X exp <—1 tan ! <1 +A tan al)F4503) exp <ﬁlf34> <71I’45> (3.3)

2 1-A

X exp <—; tan ! (1 + i tan a2> I‘78(73> exp (ﬁ;lﬁ?) (722F78>n

Again, 7 is a constant spinor which now satisfies

% = —n (3.4)
together with the independent projection (3.2). The necessity to impose the second projec-
tion (3.4) when A # 0 implies that the deformed solution preserves 8 supercharges. In other
words, the deformation breaks supersymmetry by half.



In the case of the NATD solution given in (2.17), (2.19), (2.20), (2.21) and (2.22), one
can proceed by analysing the dilatino and gravitino variations directly or to simply take the
limit (2.16) in (3.3) and (D.7). Either approach results in the Killing spinor

1 s ~
€ =exp ( —3 coth™ r F0103> exp (BFOQU;»,) ( — ;F120'3>

1

X exp ( —5 tan"!ry I‘45U3> exp (ﬂl F34) (7211%5) (3.5)
1

X exp ( -3 tan"! 7y F780'3> exp (52 F67) (?I‘m)n,

with 7 being a constant spinor satisfying (3.2) and (3.4). Therefore, the NATD solution
also preserves 8 supercharges.

4 Penrose limits

In this section, we explore an alternative zoom-in limit known as the Penrose limit [16]. This
indicates that in the neighbourhood of a null geodesic the spacetime geometry resembles that
of a plane-wave. Applying this to the A-deformed background of eq. (2.1), (2.3), (2.4) (2.8)
and (2.9) results in another solution of the type-IIA supergravity. In the rest we derive the
type-IIA solutions on the plane-wave geometries associated to the following two null geodesics

(4.1a)
a=fF=a;=a2=0. (4.1b)

The first is related to the motion of a particle along the U(1) directions (¥, 1) and the
second along (%, w).

4.1 The pp-wave around (4.1a)

Let us start with the Penrose limit that corresponds to the null geodesic (4.1a). This is
obtained by setting

_u _u 1+X v 5 1-XA 2~ a_z+ 1-X 2
Tk Vi novE Tt 2 Vi Ve

Y=
1+ A T 1+X 24
_ =2 -/ ST (e 42
1+)\ LQ\f A Lof =51 LVE (4.2)

and then taking k to infinity. As a result we find the type-IIA solution with the follow-

ing content
T—A\t/22 22 22 23
1+ A Lj L L0 Ly

ds®> = 2dudv + d75 + dit + Hdu?,  H=

1+ M2 1 1
Hs = 2%@ A (dz1 Adzg — —dzo A dz4> , d =0, (4.3)
(14 X) Lo Ly
4\ 1 1
Fy= ——=5duNdwA (dz1 ANdzy + —dzo A d23> ,
(14 2X) Lo Ly

,10,



where we represent the four-dimensional flat space transverse to the u, v and z directions
as di7 = dp® + p?(df3 + sin® By dv3) + dw?. Therefore, the line element above is manifestly
in the Brinkmann form. Notice that we have set the dilaton to zero after a shift by a
suitable constant. This shift must be accompanied by an appropriate rescaling of the RR
four-form in order to guarantee that the type-IIA equations of motion are still satisfied.
Taking Lo = L1 = 1 in (4.3), it becomes evident that the plane-wave solution is T-dual
to the one found in section 3.2 of [15].

Uplift to eleven dimensions. The plane-wave solution (4.3) can be lifted to eleven
dimensions using (2.23) where we find

ds® = 2 dudv + dZ2 + d72 + da?, + H du?

4 1 1
Gy = 7)\2 du N dw N (d21 ANdzy + —dzo A d,23>
(1+X) Lo Ly (4.4)
14 A2 1 1
+ 22w A dayy A (dz1 Adzg — —dzy A dz4> :
(1+X) Lo Ly

Alternatively, this can be obtained by applying the Penrose limit for the null geodesic (4.1a)
directly in the eleven-dimensional solution described in section 2.3.

Remarks on supersymmetry. As previously mentioned, when Ly = L; = 1 the plane-
wave solution (4.3) is T-dual to the plane-wave solution found in [15]. The latter has
been shown to preserve 16 supercharges when A # 0, while for A = 0, the existence of 8
supernumerary supercharges (24 in total) has been observed. However, (4.3) results from
a geometry with Ly # Ly. This implies that even when A = 0 [31] the background (4.3)
still preserves 16 supercharges. This statement can be confirmed simply by looking at the
dilatino equation, which reads®
2
o\ = —QL)MF—F”@, (J% + 1_:\)\21“138(1'02)) (ué — Z)rm‘*)e. (4.6)
Clearly, when Ly # Lq, the vanishing of the dilatino variation implies that the spinor € is
annihilated only by I'", and therefore, the pp-wave solution preserves 16 supercharges.
For completeness, below we present the spinor € that solves the gravitino variations

w1+ (1 45 1 o
- voTA (s Sy
€T P (2 (1+A)? (Lo I )‘73

\ . . (4.7)
u
< (Gt T (g L))
where 7 is a constant spinor satisfying I'"n = 0.
3The I'-matrices here are associated to the frame
e*:var%Hdu, e =du, 60:%(6+767), 69:%(6++67), (45)
el =dzn, =dwn, =ds, e =du, =dv, =dry, e =dxs, € =dus.
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4.2 The pp-wave around (4.1b)

For the Penrose limit related to the null geodesic (4.1b) we set
5 U 1 - A wt 1+X v 5 1-— 1
= — w = —, o = _— 5
i LS L I ey 11X Lovk

_ /1+ [1-) vy LA P2 (48)

Sending k to infinity we obtain the plane-wave solution with content

4
(H) 4 4
1+X) L3 L3’
2 14X 4\

® =0, Hy=———SduNdz Ndzg, Fh=——$Sduindz.
P Lo (14 0)? Lee LT Lol + A '

il

ds® = 2dudv + d2} + dz3 + dis + dis + Hdu®, H=-—

(4.9)

Here, dij3 and diw3 stand for the line elements of two three-dimensional flat spaces. In
particular, di3 = dp? + p} (B} +sin? 81 dy?) and dw3 = dp3 + p3 (dB3 +sin? By dv3). Clearly,
the line element in (4.9) is in Brinkmann form. Notice that again we have set the dilaton to
zero by a suitable shift and rescaled the RR two-form accordingly, as we did for (4.3).

Uplift to eleven dimensions. Unlike (4.3), in (4.9) the RR two-form survived the Penrose
limit. Its potential signals a fibration term along the extra coordinate after lifting the metric
in (4.9) to eleven dimensions. In particular, for the eleven-dimensional solution we find

~ 2 ~
ds® = 2 dudv + d21 + sz + d + dw3 (da:n + C’ldu) + H du?,

oL S G4:£1+7>\22du/\dx11/\dzl/\d22. (410
Lo(1+ ) Lo (1+ )
The above content can also be found by applying the Penrose limit around the null
geodesic (4.1b) directly in the eleven-dimensional background of section 2.3.
Notice that due to the fibration term along z1;, the line element in (4.10) is not in
Brinkmann form. In order to bring it to the Brinkmann form we apply the following
coordinate transformations

2 z1 111 . —ia : 2Au
v vt ————,  antiaee Y(zntin), BN
Lo(1+ ) Lo(1+2)

!

(4.11)

As a result, the fibration disappears but the mass term (coefficient of du?) acquires dependence
on u, namely

4 )\2 22
ds® = 2dudv + d2} + dz3 + dif + dw§ — [ ——— (2%, + ) + %
LE(1+N) Ly
(4.12)
1-— 6)\ + )\2 .~ 2 2
———— (n1sint — 2y cosa)” |du®.
L3(1+))

The four-form G4 remains invariant under the transformation (4.11).

— 12 —



Remarks on supersymmetry. Looking at the dilatino variation for the plane-wave
background (4.9), one might anticipate that there is room for supernumerary supercharges.
Indeed, the dilatino variation in this case takes the form?

1 1422

R Y ES\E

3\
1 (H‘ — Mo )e. 4.14

’ T2 ! (4.14)
It is now clear that the term in the parenthesis defines a projector when A\ = (3=v5)/2. In other
words, for this value of A\, one should expect the existence of 8 supernumerary supercharges.
Nevertheless, this turns out not to be true after elaborating on the gravitino variations. In
fact, the gravitini imply that the spinor € is subject to the conditions

APTT (4= 30 + 402 4 2(1 + X)T20y )e = 0,
APTT2 (4430 + 407 4 2(1 4+ )T 201 )e = 0, (4.15)
NI Te=0, i=3,...,8.

The above relations are simultaneously satisfied only when I'"e¢ = 0. This means that the
plane-wave solution (4.9) preserves the minimum amount of supersymmetry.

Let us mention that after integrating the gravitino equations we find that the spinor
€ takes the form

u 1+ u A _ .
= —— T — 111t 4.1
€ = exXp <2L0 (1 + A)Q o3 + 2Lo (1 + )\)2 (10—2) n, ( 6)

where 7 is a constant spinor annihilated by I'".

5 Conclusions

We promoted the integrable A-model on SL(2,R) x SU(2) x SU(2) to a solution of type-ITA
supergravity by constructing the appropriate RR fluxes. In the undeformed limit, we recover
the geometry of AdS3 x S3 x §2 x 81 supported only by a NS three-form. This background
originates from the near-horizon limit of the NS1-NS5-NS5 brane intersection and is 1/2
supersymmetric. In the presence of the deformation, the group of isometries of AdS3 x S2 x §3
reduces to that of AdSy x S? x S2. As a matter of fact, the deformation breaks supersymmetry
by half. As the deformation parameter approaches the identity, one is forced to employ a
zoom-in limit, which involves rescaling the coordinates by factors of k£ and sending k to infinity.
We demonstrated that there exist several such zoom-in limits and presented the one associated
with the NATD of the type-IIB pure RR background on AdSs; x S3 x $2 x S'. Finally, we
considered Penrose limits along two null geodesics in the deformed spacetime. The resulting

4The I-matrices here are associated to the frame

1~ _ 1 _ 1 _

+ 0 + 9 +

e’ =dv+ -Hdu, e =du, e =—(e" —e ), e =—(e" +e ), 4.13
2 73 ) 75 ) (#.13)
el =dz, e? =dzs, egzdyl, 64:dy2, e’ =dys, e® = dwy , e7:dw2, e® = dws.
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type-IIA plane-wave backgrounds capture a dependence on the deformation parameter. By
analysing the supersymmetry variations for the dilatino and gravitino, we concluded that no
supernumerary supercharges exist for arbitrary values of the deformation parameter.
Having a supergravity background with the aforementioned properties at hand opens the
door for further investigations. Some of the questions that we would like to address in the near
future are the following. As a first thought, it would be interesting to explore the existence
of supersymmetric probe brane embeddings [32-34] by analysing the xk-symmetry condition.
Furthermore, the appearance of an AdSy subspace in the deformed geometry suggests the
study of the holographic dual to our solution as a natural extension. To this, one can also
include the study of thermal effects. This requires to construct the corresponding black hole
solution, which is equivalent to turning on temperature in the dual holographic system.
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A The A-deformed background fields

In this appendix we summarise the background fields for the A-deformed o-models on SL(2, R)
and SU(2). These consist of a three-dimensional metric, a two-form and a scalar.

The SU(2) fields. Starting with the compact case, the o-model background fields are

L+ A 1— )2
ds?® = k<+ do?® + sin® a(d? + sin? 5d72)> ,

1—A A(a)
Bgzk(—a+(1A_(O:\))zcosa sinoz)sinﬁdﬁ/\d% (A.1)
o= —%lnA(a),

where the function A is defined as
Az) == (1= N2 cos?z+ (1+ N)? sin?z. (A.2)

Notice that in the neighbourhood of the points a = 0,7 and a = 7/2 the topology looks
different. Specifically, near o = 0, 7 it looks like R? while near a = 7/2 it behaves like R x S2.
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The SL(2,R) fields. The corresponding fields for the non-compact case can be obtained
from the above via the analytic continuation

am Stia,  BeiB-o. yeoF, ke -k (A.3)

Doing so, one finds

1+ A 1- )2 . .
d2:k(d~2+ . h? &(dB? — cosh? d~2),
s T da A@) cosh® &(dB* — cosh” 5 d¥*)

(

1—\)? = =
By = k‘(~ + ~7/\)cosh6< sinh d> cosh BdB N dy, (A.4)
1
2

where the function A is given by
A(x) == (1 + N)?cosh?z — (1 — \)?sinh?z. (A.5)

Notice that we have neglected an imaginary term in the two-form (A.4) that comes from the
shift of @ by 7/2. This term is a closed two-form and thus it is irrelevant for a supergravity
solution. The line element (A.4) has mostly plus signature and the time-like direction is 7.
Moreover, when & approaches +oo the space looks like R x AdSs.

B Type-II solutions on AdSs x S3 x §3 x S!

Here we summarise the pure NS and RR (type-I1IA/IIB) supergravity solutions with AdSs x
S3 x §3 x 81 geometry. All of them have a trivial dilaton and a metric given in terms
of the line element

ds? = L§(da? + cosh? G(dB? — cosh? 3d5?) ) + L} (dad + sin® ax (B} + sin? B1dr?) )
+ L2 (da% + sin? ap (df3 + sin? Bld'yg)) + duw?. (B.1)
The AdSs space with radius Ly is parametrised by (&, B, ), while the two round three-spheres
with radii Ly and Ly are parametrised by (aq, 51,71) and (g, B2,72) respectively. The U(1)

isometry that corresponds to shifts in the w direction represents the circle S'. In order to
present the various form fields we introduce the frame

¥ = Locoshdcoshﬁdﬁ, ¢! = Locoshadf, ¢ =Lyda,
83 == L1 dOll N 24 = L1 sin (6731 dﬁl s 65 = L1 sin (03] sin 51 d’)/l s (BQ)

ed = Lyday , ¢’ = Lo sinas dfs , ¢® = Lysinas sin fBs dys , ¢ = dw.
The non-trivial form fields for each type of solutions are given below.

The pure NS case. This solution has only a NS three-form which is written in terms of
the volume forms on AdS3 and the two three-spheres as

1 1 1
H3:—2(e0/\el/\e2—|—83/\e4/\25+e6Ae7/\e8>. (B.3)
Lo I Ly
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The pure RR type-1IB case. The only non-trivial RR field in this background is the
three-form which can also be written in terms of the volume forms on the two three-spheres as
1 1 1
F3:2(e0/\e1/\e2+e3/\e4/\e5+eGAe7Ae8>. (B.4)
Lo Ly Ly
The pure RR type-ITA case. This is related to the previous type-1IB solution via
T-duality in the w direction. The T-duality leaves the metric invariant and generates the
four-form
1 1 1
F4:2<e0Ae1Ae2+e3Ae4Ae5+e6Ae7Ae8> A (B.5)
Lo Ly Ly
Notice that the above fields solve the equations of motion for type-1I supergravity theories
provided that the radii satisfy the following relation:
1 N 1

Lg L L3
It is worth it to point out that one can recover the pure NS and RR (type-1TA/IIB)

solutions on AdS3 x S% x T* by employing the limit
Qg = ﬁ, Lo — o0 (B7)

Ly

in the supergravity fields above. In that case, eq. (B.6) implies that Ly = L1 = L. In the

(B.6)

same way, one could set a; = #/L; and take L; — oo. The two limits are equivalent due
to the symmetry of the supergravity solution on AdSs x S3 x S§3 x S, which allows for
the exchange of the two three-spheres.

C The type-11B deformed solution

Starting with the type-IIA pure RR background on AdS3 x S3 x S2 x S' one can construct
a A-deformed type-I1B solution following the procedure described in section 2. The NS sector
of this theory is given by (2.1), (2.3) and (2.4).

Moving to the type-IIB RR forms we find that the deformation switches on all of them.
More explicitly, the F} reads

1 1
Fr=2u(1+X)(1- )\)2 (L cosh & cos a1 cos ag €2 — o sinh @ sin o cos o €2

0 ! (C.1)

— —sinhacosagsinas e’ | .
Lo

For the F3 we find

6245 0239
Fy=—2u(1 — X)(1+ X\)? (| cosh @sin oy cosag( )
Ly Lz
o278 269 016
+ cosh & cos a7 sin ag ( — )
Lo Lo Ly C.2
369 €45 ( ) )
+ sinh & sin o1 sin o < — )
! Lo L L )

012 345 6678 )

_2,u(1—)\) 51nhacosa1cosa2< T + I + o
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The self-dual form is F5 = (1 + *)f5 where

201369 601378 601456>

f5:2u(1—|—>\)3coshdsina1sina2< L L

Q01245 01239
+2u(1 + A)(1 — N\)? [ sinh @sin oy cosa2< + )
Lo Ly

Q01278 01269 Q01345 01678
+ sinh & cos aq sin — + cosh & cos aig cos ap + .
Lo Ly Ly Lo

(C.3)

Again, in order to guarantee that the above content solves the type-IIB equations of
motion one needs to impose the condition (B.6).

The T* limit. In the limit (B.7), the background described above reduces to a solution of
the type-1IB supergravity on the A-deformed AdS3 x S x T* geometry. This has a NS sector
which is summarised in (2.10), (2.12) and (2.13). The RR sector is obtained by applying (B.7)
in (C.1), (C.2) and (C.3). It is easy to confirm that

1 1
Fr=2u(1+X)(1 - \)? (L cosh @ cosay e? — o sinh & sin o e3> ,
0 1

0245 013
Py == 2(1= N)(1+ A coshasinan (. — -

Lo  Li
Q012 345
—2u(1 — X\)? sinh & cos oy ( + ) , (C.4)
Lo Ly

1 1
Fs=2u(1+ X1 = \)?(1+ %) (L sinh @ sin ay 124 + I cosh & cos a1601345> .
0 1

The above content solves the type-IIB equations of motion, provided that Ly = Lq, as
understood from (B.6) for large Lo.

Notice that the above solution is the same as the one found in [15] up to a shift in the
dilaton and an appropriate rescaling of the RR forms. Moreover, it can be obtained from the
background presented in section 2.1 by T-duality in the e” direction.

D Details on supersymmetry

In this appendix, we elaborate on the supersymmetry analysis for the type-IIA A-deformed
solution constructed in section 2. We start by outlining the conventions for supersymmetry
in type-IIA supergravity.

D.1 Conventions

For the variations under supersymmetry transformations of the dilatino and gravitino, we
adopt the conventions from [35]. In particular

1 1 e® 3. . 1
o\ = =@Pe — —Hoze+ — ( 5Fpo1 + ~Fa(ioa) + —F 01 )€,
2 24 8 2 24
1 e® 1 1 (D-1)
511)# = Dﬂe — gijpFVpdge + § (F00'1 + 532 (iUz) + 24F401)Fu6,
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where for completeness we also included the Romans mass Fj. The slash notation stands
for contraction of the spacetime indices with antisymmetric products of I'-matrices. More
precisely, we take @ = I'*9, and Ap = Ay, TH#r. Moreover, o; (i = 1,2,3) are the
Pauli matrices and e represents a doublet

e = (?) (D.2)

of two Majorana-Weyl spinors. In type-IIA supergravity, € satisfies the chirality condition
I'%9¢ = —g3e, where the indices of the I'-matrices are associated with the Lorentzian tangent
frame. It is understood that the Pauli matrices have a GL(2) action on the doublet and for
convenience we suppress the GL(2) indices. Finally, D, is the covariant derivative operator

1
DM = 8M + Zwﬂabl““b, Wyab = —Wyba (D3)

with w4 being the spin-connection and we used Latin letters for the tangent frame indices.

D.2 Killing spinor equations

We proceed with examining the supersymmetry of the background given in (2.1), (2.3), (2.4),
(2.8) and (2.9). We begin with the dilatino variation which becomes notably simpler when
we apply the projection

Pl — @ 1-\012345 + @ F012678 ) (D4)

Pie = —
1€ €, L1 Lg

Indeed, P; squares to the identity in view of the restriction (B.6). Moreover, it can be easily
verified that the above projection solves the dilatino equation for A = 0. However, when
A # 0, a lengthy calculation results in the following expression

sinh & ) cos o )
OA=—p(1—\) ( (04 Pa + Pay (i02) Pay ) + —— s (01 Pay — Palir2) Pay )
Loy/A(@) LivA(en)
COS (9 .
+ m(alpa2 + P&(zag)Pm))e. (D.5)

In order to derive the above we made use of the projection condition (D.4) and we defined
the matrices

P (14 X)coshaTI2o; — (1 — A)sinh a2 (ig9)
A@) ’
Py — (14 A)sinai oy + (1 — X) cos ag I3*3 (o) 7 (D.6)
A(an)

(14 \)sinag %0y + (1 — \) cos ag I8 (o)
Alaz) ‘

It is now obvious that the dilatino equation is solved by imposing a second projection

P,, =

condition, namely

PQE = —€, PQ = P&UIPOq (iO’Q)Pa2 . (D7>
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Indeed, using the fact that P2 = PO%1 = PO%2 = W and the commutation relations of
(Pa, Py, Pa,) with the Pauli matrices, one can show that Py also squares to the iden-
tity and (D.7) implies

(O’lpd + Pal (iUg)Pa2)6 = (0‘1Pa1 — P&(idg)POQ)E = (0‘1Pa2 + P&(idg)Pal>6 =0. (D.S)
Turning to the gravitino variation, we provide simplified expressions for its components
upon imposing the type-IIA chirality condition and the projections (D.4) and (D.7). In

particular, the non-trivial ones read

The & component.

0= e+ LN o (D.9)
= Oz€ ~ o3€. .
YN
The 3 component.
1
0=0ze - §F0(i02)Pde. (D.10)
The 4 component.
L. 501 1 Al
0= 0y¢ — B sinh AT e + 3 cosh ST (io2) Pse . (D.11)
The a1 component.
1— )\
0=20, IMo3e. D.12
oy €+ 2 Aar) o3€ ( )
The B1 component.
1
0= Jp,€ — §Pa1r5(iag)e. (D.13)
The ~7 component.
1 45 L. 4y,
0=0y€— 5 c08 B1 e — 5 sin B1 I (iog) Pyy€. (D.14)
The az component.
1— )2
0=19 Bose. D.15
oo € 2 A () o3€ ( )
The B2 component.
1
0 = Jg,€e — §Pa2f8(i02)e. (D.16)
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The ~2 component.

1 1
0= Oy,e — 5 c08 B T8¢ — 3 sin B T'7 (i02) Page - (D.17)

It is evident that the subsets of equations for (&, 3, 7), (a1, f1, 71) and (az, B2, 72)
can be solved independently as they do not mix. Starting with the & component (D.9), a
straightforward integration gives

1 1-—A
e = Qae€1, Qs = exp (—2 tanh ™! (1 ) tanh d) I‘0103> . (D.18)

Here € is a spinor that depends on (8, 4, a1, B1, 71, a2, B2, 72). Moving to the 3 compo-
nent (D.10), the & dependence drops out if we make use of (D.18) where we find

1
0=0ze1 — §FO203 €. (D.19)

Again, a simple integration gives
€1 = QBEQ y QB = exp (§F020'3> 5 (D20>

where now e is a spinor that depends on (¥, a1, f1, V1, a2, B2, ¥2). Similarly, if we com-
bine (D.18) and (D.20), the 4 component (D.11) becomes independent of & and /3

1
0= 8@62 + §P120'3 €. (D.21)

Once more, this can also be easily integrated to
€y = Q:?Eg, Q:y = exp ( — ;/F12O'3> s (D22)

with e3 being a spinor that depends on (a1, f1, 71, @2, B2, 72)-
The next three components (D.12), (D.13) and (D.14) can be solved along the same
lines. This process restricts the spinor €3 to the form

€3 — an 95197164, (D23)

where €4 is a spinor that depends on (aw, (2, 72) and

1 1+ A
Qu, = exp <—2 tan~! <1 i_ \ tana1>F45o3> ,

(g, = exp (%FM) , Q,, = exp <721F45) .

(D.24)

Finally, turning to the last three gravitino components, we observe that they can be
obtained from those along (a1, 81, 71) by mapping

(0417 blv '71) = (a27 627 72)7 (Fga P47 FS) = (F67 P77 FS) . (D25>
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This suggests that the spinor €4 takes the form
€4 = QQQQ@QWTI, (D26)

where 7 is a constant spinor and

1 14+ A
Qy, = exp (—2 tan™! (1 i_ 3 tan a2> F7803> ,
5 (D.27)
Qp, = exp <22F67> , Q,, =exp <’722F78> .

In summary, if we combine (D.18), (D.20), (D.22), (D.23) and (D.26) we find that the
Killing spinor € is

€ = Qa5 Q0, 05, 0y Q0 05, Uy (D.28)

Before we conclude, we would like to restate the projection conditions (D.4) and (D.7)
from the point of view of the constant spinor 7. As a consistency check, one expects to retrieve
two algebraic conditions with no dependence on the coordinates. Starting with (D.4), we
notice that both I'%12345 and 912678 pags freely through the Q matrices in (D.28). Therefore,
equation (D.4) simply reduces to (3.2). The case (D.7) is more delicate. For convenience
we write the projector Py as

Py = —Q2I2Q2 T%%02 T (i0y) . (D.29)

Using the commutation properties for the €2 matrices it is easy to verify that the projection
condition (D.7) implies

2345678 (jgo)p =17 (D.30)

If we combine the above with the chirality condition for the type-ITA supergravity, we
recover (3.4).
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