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Abstract

We derive the gravity duals of noncommutative gauge theories from the Yang-
Baxter sigma model description of the AdS5xS® superstring with classical r-matrices.
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equation (CYBE), 2) skew-symmetric, 3) nilpotent and 4) abelian. Hence these should
be called abelian Jordanian deformations. As a result, the gravity duals are shown
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1 Introduction

A particular class of gauge/gravity dualities can be seen as deformations of AdS/CFT [I].
With great progress, an integrable structure inhabiting AdS/CFT is well recognized now [2].

The Green-Schwarz string action on AdS;xS® is constructed from a supercoset [3]
PSU(2,2/4)/[SO(1,4) x SO(5)]

and the classical integrability follows from the Z,-grading EHH Some deformations of the
AdS/CFT correspondence may preserve the integrability and hence it would be interesting

to consider a method to classify the integrable deformations.

A possible way is to employ the Yang-Baxter sigma model description [I0L11] (For g-
deformed su(2) and its affine extension, see [12] and [13], respectively). It has been applied
to the AdS5xS® superstring in [14]. According to this approach, integrable deformations of
AdS5xS® are given in terms of classical r-matrices satisfying modified classical Yang-Baxter
equation (mCYBE). The case of [14] corresponds to the classical r-matrix of Drinfeld-Jimbo
type [I5HI7]. The metric in the string frame and NS-NS two-form are obtained [18] and
some generalizations to other cases are discussed in [19]. It is an intriguing issue to look for

the complete gravitational solution. A mirror TBA is also proposed [20].

As a generalization of the Yang-Baxter sigma model description, one may consider classi-
cal Yang-Baxter equation (CYBE) rather than mCYBE. The classical action of the AdSsxS®
superstring has been constructed in [21]. The integrable deformations are basically regarded
as Drinfeld-Reshetikhin twists [15,[16,22] including Jordanian twists [23,24] and abelian
twists. Hence one can classify integrable deformations of this kind in terms of classical
r-matrices. We will refer this picture as to the gravity/CYBE correspondence. The first
example is presented in m As another example, Lunin-Maldacena backgrounds [27, 28]
have also been derived [29].

In this note, we derive the gravity duals of noncommutative (NC) gauge theories [33]34]
from the Yang-Baxter sigma model description of the AdS;xS® superstring with classi-
cal r-matrices. The corresponding classical r-matrices are 1) solutions of CYBE, 2) skew-
symmetric, 3) nilpotent and 4) abelian. Hence these should be called abelian Jordanian
deformations. As a result, the gravity duals of NC gauge theories are shown to be integrable
deformations of AdS5xS®. Then, abelian twists of AdSs are also investigated. These results

provide a support for the gravity/CYBE correspondence proposed in [29].

! For another formulation [5] of the AdSsxS® superstring, the classical integrability is argued in [6]. For

a classification of integrable supercosets, see [7L[§]. For an argument on non-symmetric cosets, see [9].
2The solution is closely related to the one in Appendix C of [26].



This note is organized as follows. Section 2 gives a short summary of the Yang-Baxter
sigma model description of the AdS;xS® superstring with classical r-matrices satisfying
CYBE. Then we introduce three classes of skew-symmetric solutions of CYBE. A new class
of r-matrices induces abelian Jordanian deformations. Section 3 presents examples of abelian
Jordanian type, which lead to the gravity duals of NC gauge theories. In section 4, we con-
sider a deformation of AdSs with an abelian r-matrix concerned with a TsT transformation
of AdS;5. Section 5 is devoted to conclusion and discussion. We argue some implications
of this result and future directions in studies of the gravity/CYBE correspondence. In Ap-
pendix A our notation and convention are summarized. Appendix B presents the gravity
duals of NC gauge theories with six deformation parameters. Appendix C describes the

detailed computation of three-parameter abelian twists of AdSs.

2 Integrable deformations of the AdS;xS° superstring

We introduce here integrable deformations of the AdSsxS® superstring based on the Yang-
Baxter sigma model description with CYBE [21] . After giving a short review on the general

form of deformed actions, we present three classes of classical r-matrices.

2.1 Deforming the AdS;xS° superstring action with CYBE

A class of integrable deformations of the AdS;xS® superstring can be described with classical

r-matrices satisfying CYBE [2I]. The deformed action is given by

1
S——— A e / dT/ do Str Aydo mAg), (2.1)

where the left-invariant one-form A, is defined as
Au=9"0ag9, g€ SU(?2,2/4). (2.2)

Here v*# and €*? are the flat metric and the anti-symmetric tensor on the string world-sheet.

The operator R, is defined as
Ry(X)=g"'R(9Xg )y, (2.3)

where a linear operator R satisfies CYBE rather than mCYBE [I4]. The R-operator is

related to the tensorial representation of classical r-matrix through

R(X) =Trofr(1@X)| = (a/Tr(b:X) - b;Tr(a; X)) (2.4)
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The operator d is given by the following,
d:P1+2P2—P3, (25)

where P; (i = 0,1, 2, 3) are the projections to the Z4-graded components of su(2,2[4). Py, P,
and P;, P;3 are the projectors to the bosonic and fermionic generators, respectively. In
particular, Py(su(2,2[4)) is nothing but so(1,4) @ so(5).

For the action (ZI]) with an R-operator satisfying CYBE, the Lax pair has been con-
structed [21] and the classical integrability is ensured in this sense. The k-invariance has

been proven as well [21] .

2.2 A classification of classical r-matrices

According to the construction of the deformed string action, one may expect the corre-
spondence between integrable deformations of AdSs;xS® and classical r-matrices, called the
gravity/CYBE correspondence [29]. To study along this direction, it would be valuable to

classify some typical class of skew-symmetric solutions of CYBE.

There are three types of classical r-matrices: i) Jordanian, ii) abelian, and iii) abelian

Jordanian. In particular, the third class will play a crucial role in the next section.

In order to study deformations of AdS; later, let us consider the case of su(2,2).

i) Jordanian r-matrix.

The first class is classical r-matrices of Jordanian type,

’T’Jor:Ezj/\(E“—E]])—2 Z Ezk/\Ek] (1§Z<]§4), (26)

i<k<j
where (E;j) = 6;x0; are the fundamental representation of su(2,2). The characteristic
property of Jordanian type r-matrices is the nilpotency. Indeed, we could verify that the

associated linear R-operator exhibits (Rye)" = 0 for n > 3.

Jordanian deformations of the AdS;xS® superstring are considered in [2I]. A simple
example of the corresponding type IIB supergravity solution is presented in [25]. Only
the AdSs part is deformed and it contains a three-dimensional Schrodinger spacetime as a
subspace. Hence it may be regarded as a generalization of [30H32]. It seems likely that the

resulting metric is closely related to a null Melvin twist [26].



ii) Abelian r-matrix.

The second class is abelian r-matrices composed of the Cartan generators as follows:

rave = tij (Bii = Eiyrin) A (Bjj — Ejr111), (2.7)
1<i<j<3
where j1;; = —pj;; are arbitrary parameters. Since these commute with each other and

hence satisfty CYBE obviously. The abelian r-matrix is a particular example of the Drinfeld-
Reshetikhin twists [15[16L22]. Note that abelian r-matrices are intrinsic to higher rank cases
(rank > 2).

It has been shown in [29] that abelian r-matrices lead to -deformed backgrounds [2§],
which include the Lunin-Maldacena background [27] as a particular case. In section 4, we
will consider an abelian twist of AdS; with a single parameter. For multi-parameter cases,

see Appendix C.

iii) Abelian Jordanian r-matrix.

The third class is composed of r-matrices which are nilpotent and abelian. These should be

called abelian Jordanian r-matrices. A typical example takes the following form,

rAy = Z V(ijy, (k) Eij N B s (2.8)
ik=1,2
=34
with arbitrary parameters v )y = —V), ) - Decause Ej; (i = 1,2,j = 3,4) are the

positive root generators and commute with each other, the square of the associated R-

operator already vanishes like,
(RAJ)2 = 07

in comparison to Jordanian r-matrices (Z6)) for which (Rje:)? # 0 and (Rje:)”® = 0 in general.

In the next section, we will show that classical r-matrices of abelian Jordanian type

correspond to the gravity duals of NC gauge theories [33/[34].

3 Examples - gravity duals of NC gauge theories

Let us consider examples of classical r-matrices of abelian Jordanian type. These lead to
the gravity duals of NC gauge theories [33,34] . Hereafter we will concentrate on the AdSs

part and S° is not deformed.

A possible example is given by

Ay = pup2 Aps+vpyApr, (3.1)



where p, v are deformation parameters. Here p, (1 = 0,1,2,3) are the upper triangular
matrices defined as

1
Pu = 5 Ms - (3.2)

For our convention of v, and the su(2,2) generators, see Appendix A. It should be empha-

sized that p,’s are upper triangular and satisfy the following property:

Puby = 0. (3.3)

Thus the classical r-matrix (B]) is of abelian Jordanian type and trivially satisfies CYBE.
To evaluate the Lagrangian [210) , let us take the following coset parametrization [25] :

gs = exp [po 2% 4 prat + poa? 4 ps x3] exp [% log z} € SU(2,2)/S0(1,4). (3.4)

Then the AdSs part of (2I]) can be rewritten as

L= —%(W — M) Tr [A Pa(J5)] (3.5)
1

with Jg = o [RAJL] Ny

As. (3.6)

Here A, = g~10,g is restricted to su(2,2) and the associated R-operator Ry with 3.1 is
determined by the relation (2.4]) .

It is convenient to divide the Lagrangian L into two parts like L = Lg + Lp, where Lg

is the metric part and Lpg is the coupling to an NS-NS two-form, respectively:

Lo = §[TH(APY,) ~ Te(A Po(1)],
Lis = STH(APAJ,)) — Tr(A Po())] (3.7)

To derive the explicit form of L, it is sufficient to compute the projected current Py(J,)

rather than .J, itself. Hence the computation is reduced to solving the following equation,
(1 —oPyo [RAJ]g) Py(J,) = Pa(Ay) . (3.8)

Note that P,(A,) is expanded with v matrices as follows:

_ Dax® Y0 + Ot 71 + Ou? Y2 + 002 Y3 4 Dz Y5

Py(A, .
(A - (39)
Then, by combining ([3.9]) with (8.8)), P»(J,) can be obtained as
2(220,0 + 2nv0411) 2(220,71 + 2nv410)
P(J,) =
2(Ja) 2(z* — 4n?v?) Yot 2(z* — 4n?v?) n
2(220,29 + 2npdy3) 2(220,413 — 2np0y1s) O0n2
—5 . 1
2(24"'4772#2) V2 2(Z4+4772M2) 73"’ 2% V5 (3 O)



The resulting forms of Lg and Lg are given by, respectively,

Lo — _L’“ﬁ [z2(—8a:£005:)30 + Op10p1) N 22 (0020579 + Onx30513) N Dnz0p2
9 A A2 AL e 2
2np
24 4+ An?p?

] . (3.11)

2
ik Oa2053) . (3.12)

Ly =8 [— Oa00p21 +

24— A2
Here two deformation parameters u, v and one normalization factor n are contained.

It is easy to see the metric and the NS-NS two-form from (B.11) and (3.12). By intro-

ducing new parameter a and a’ through the identification,
2np = a’, v =id?, (3.13)

one can find that the resulting metric and two-form exactly agree with the ones of the
gravity duals of NC gauge theories presented in [33,[34], up to the coordinate change z = 1/u
and the Wick rotation o — ixg. This result shows that the gravity duals of NC gauge
theories [33[34] are integrable deformation of AdSs.

4 Abelian twists of AdS;

As another kind of integrable deformation of AdSs, we consider an abelian twist of AdSs

with a single parameten]. For a three-parameter generalization, see Appendix C.

Let us consider an abelian r-matrix,
’I“(Auge = ,uhl VAN hg s (41)

with a deformation parameter . Here h; (i = 1,2) are two of the Cartan generators of

su(2,2) and belong to the fundamental representation,
hy = diag(—1,1,—1,1), hy = diag(—1,1,1—,1). (4.2)
Then, the AdSs5 part of the Lagrangian (2.1]) is given by

1
L=Lg+ L= —5(705 — ) Tr [ALPa(J3)] (4.3)
1
1—29[R{], o Py

with Jﬁ = Ag, (44)
where the current A, is su(2,2)-valued and the R-operator associated with (1) is defined
by the rule (24)).

3 Abelian twists of S® have been studied in [29]. The resulting geometries are three-parameter y-deformed

S° 2728




The projected current Py(.J,) is to be determined by solving the equation,

(1 —2nPy o0 [R%o] g) Py(Ja) = Po(Aa) - (4.5)

By using the coset parameterization (C.3l), P»(A,) is expanded with respect to v matrices,

1 .
P2(Aa) - 5 |:_aap 71 +1 cosh P ao/lvbi’: V5

— sinh p (cos ¢ Oath1 v2 + 0l y3 — i5in C Oathy 70)] - (4.6)

Then, by plugging (4.6]) with (£H]), Py(J,) can be obtained as

Pa(Jo) = joo+ian +jeve + i+ jovs (4.7)
with the coefficients
o @ sin ¢ sinh p 9 2 - . 12
— o + 8nucos” ¢ sinh” pd,, ,
Jo = 5T oy si? 20 sinh p \One S cos” (b p0uy)
1 _1
]a - 2 ap>
. 1 cos ( sinh . .
2 = (01 — Sypusin® Csinh p, )

21+ 160242 sin? 2 sinh? p

1
ji = _5 Sinhpaagv
= % cosh p0, 13 . (4.8)

Finally, the resulting expressions of Ls and Lg are given by, respectively,

ap
Lo = —77 sinh? pd, ¢ 03¢ + OapOsp — cosh? PO V30813
n sinh? p
1+ 42sin’ ¢ cos? ¢ sinh? p
N 2 . 2 . 14

A cos® ¢ sin” ¢ sinh™ p
Lp=—e D105 . 4.10
b ‘1 + 42 cos? ¢ sin? ¢ sinh? p Y1062 (4.10)

(0052 COath10p11 + sin? Caa%&ﬁ%)] ) (4.9)

Here a new deformation parameter 4 is defined as
=8N (4.11)

Now one can read off the metric and NS-NS two-form from (A9) and ([@I0). By per-

forming the coordinate transformation,

p1 = cos(sinhp, p2 = sin(sinh p, p3 =icoshp, (4.12)



the resulting metric and NS-NS two-form are given by

prd; + padis

ds® = dp} + dp3 + dp3 + 1132 257 + padi; + dsg_ (4.13)
L2 2
T P1P2
By = ———=—=diyn Ndis. 4.14
2 1+ 72 p%p% 1?1 1?2 ( )
Here there is a constraint .5 p2 = —1.

These expressions are quite similar to a one-parameter y-deformed S° [27,28] and thus
the solution with the metric (£I3) and the NS-NS two-form (£I4) may be regarded as a

single parameter y-deformation of AdSs .

5 Conclusion and discussion

We have shown that the gravity duals of NC gauge theories [33,[34] can be derived from the
Yang-Baxter sigma model description of the AdSs;xS® superstring with classical r-matrices.
The corresponding classical r-matrices are 1) solutions of CYBE, 2) skew-symmetric, 3)
nilpotent and 4) abelian. These should be called abelian Jordanian deformations. As a result,
the gravity duals are found to be integrable deformations of AdSsxS®. Then, abelian twists
of AdS; have also been investigated. These results provide a support for the gravity/CYBE

correspondence proposed in [29].

Our main result here is the integrability of N'=4 super Yang-Mills (SYM) theory on
noncommutative (NC) spaces. Now there are an enormous amount of arguments on the
integrability for scattering amplitudes of N'=4 SYM. Integrable deformations of it would
be found on NC spaces. Our analysis has revealed a relation between classical r-matrices
and deformations parameters of NC spaces. There may be a close connection to deformation
quantization of Kontsevich [35]. Thus one may expect a deep mathematical structure behind
the correspondence. We hope that our result could shed light on new fundamental aspects

of integrable deformations.
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Appendix

A Notation and convention

We shall here summarize our notation and convention, which basically follow [36] .

An element of su(2,2[4) is identified with an 8 x 8 supermatrix,

_|m <
w-[n <], "

Here m and n are 4 x 4 matrices with Grassmann even elements, while ¢ and ¢ are 4 x 4
matrices with Grassmann odd elements. These matrices satisfy a reality condition. Then m

and n belong to su(2,2) = so0(2,4) and su(4) = s0(6) , respectively.

We are concerned with deformations of AdS5. An explicit basis of su(2, 2) is the following.

The + matrices are given by

0 0 —1 0 0 0 = 0 0 1 0
B 0 1 0 o 0 io o0 01
" 1o ol " lo-iool P 1000
-1 0 0 0 — 0 0 0 0 1 0 0
[0 01 0 10 0 0
0 0 0 —1 01 0 O
=10 0 o BEmRBEN = (A.2)
| 0 1.0 00 0 -1
and satisfy the Clifford algebra
{%n ’71/} - 277ul/ ) {%u 75} =0, (75)2 =1. (AB)
The Lie algebra so(1,4) is formed by the generators
1 1
myy = Z h/uu f)/l/] ) m,u5 = 1 h/;u 75] (:u’v V= 07 17 27 3) ) (A4>
and then s0(2,4) = su(2,2) is spanned by the following set:
Muv s  Mus55  Yus 5. (A5)

B Multi-parameter deformations of AdS;

We present here multi-parameter deformations of AdSs by using the Yang-Baxter sigma

model description with classical r-matrices. These may be regarded as a multi-parameter

9



generalization of the gravity duals of NC gauge theories discussed in [33/[34]. In the original
construction [3334] based on twisted T-dualities, it would be intricate to perform T-dualities
many times. A technical advantage of the Yang-Baxter sigma model description is that a

single r-matrix gives the corresponding metric and NS-NS two-form in a more direct way.

Let us consider the following classical r-matrix,

TAy = M1 P2 NP3+ pap3 A pr+ puzpr A po
+v1po Ap1+vepo Ap2+v3po Aps, (B.1)

where i, pio, 13 and vy, 19, v3 are six deformation parameters, and p,, are defined in (3.2)).
By following the analysis in section 3, it is straightforward to get the deformed string action.

For simplicity, we shall write down only the resulting metric and NS-NS two-form,

ds® = dz—zj +2°G [—(24 A0 (i + pig + p))dag + (21 + A0 (i} — 15 — v3))day
+ (21 A (g — v — q))day + (2 + A0 (p5 — v} — 1)) da;
— 8 [(,ugl/g — psva)drodry + (pusvy — pavs)dxedrs + (pive — povy)dxodrs
— (g1 + rivo)dxydry — (uopis + vovs)dradrs — (paps + VlVg)dZL'leL'g” , (B.2)
By = 277G[(z4u1 — v K)dxy A das — (240 + n° i K)dag A day
+ (2*pe — 1o K)dws A dxy — (2% + 0P pe K )dxg A day

+ (2*us — n*vsK)dxy A dxy — (24vs + 0P psK)dxg A d!lﬁ'g} . (B.3)
Here a scalar function G' and a constant parameter K are defined as
G =22+ a2 (uf + s+ s — v — v — ) — K2
K = 4(pv1 + povs + psvs) .

By taking the following identification of the parameters
2 =a®, v =id?, py=p3=1va=v3=0, (B.4)

and performing a Wick rotation zy — ixg, one can reproduce the metric and NS-NS two-form
of the two-parameter case [33,34].

Note that the metric (B.2)) and NS-NS two-form (B.3]) are complemented with the other
field components and gives a complete solution of type I1B supergravity. It gives a consistent

string background because it is basically obtained by performing a chain of (twisted) T-
dualities for AdSs .

10



C Three-parameter abelian twists of AdS;

Let us consider here a three-parameter generalization of the abelian deformation of AdSs

discussed in section 4.

We will consider the following classical r-matrix,
(ulvuz,m) _ h h h h h h C 1
" Abe = pg N1 A\ g + g ha A hg + po hg A\ hy (C.1)

with deformation parameters p;. Here h; are the three Cartan generators of su(2,2) and

belong to the fundamental representation,

hy = diag(—1,1,—1,1), hy =diag(—1,1,1—,1), hs=diag(1,1,-1,—-1).  (C.2)

By using the r-matrix (C.IJ), the AdS5 part of (ZI]) can be rewritten as

1
L=Lg+Lp= —5(705 — ) Tr [ALPa(J3)] (C.3)
1
1— 2 [RXEO,M,M)L o P,

with Jﬁ = Aﬁ, (C4)

where A, = ¢71'0,g is restricted to su(2,2) and the R-operator associated with (CI) is
determined by the rule (2.4)) .

To evaluate the Lagrangian (C.3)), let us adopt the following coset parametrization [1§]:

9 = M, b2, 93) E(C) Go(p) € SU(2,2)/50(1,4). (C.5)

Here the matrices A, = and §, are defined as

A1, 19, 93) = exp %(% hi + 19 hy + 13 hg)|

coS % sin % 0 0 cosh £ 0 0 sinh £
| —sin % COS % 0 0 3 B 0 coshf —sinhf 0
=)= 0 0 cos % —sin % - Gle) = 0 —sinh#f cosh? 0
0 0 sin % cos % sinh £ 0 0  cosh?

To find the projected current P(.J,), it is necessary to solve the following equation,
(1 —mPyo [Rf(‘ge’”’”ﬂ ) Py(J) = Po(Ad). (C.6)
g
Note that Py(A,) is expanded with respect to the v matrices,

Py(A) =+

5 [—(%ﬂ Y1 + i cosh p Oathz s

— sinh p(cos ¢ Oat)1 Y2 + 0aC vz — isin C Oath2 Y0) | - (C.7)

11



Then, by combining (C7) with (CH), P(.J,) can be obtained as

Py(Ja) = jarvo + Ja +3iv2 + o+ Ja s, (C.8)
with the coefficients
o 1 sin ¢ sinh p
Jo =1 1692[(p2 sin® ¢ + 3 cos? ¢) sinh? 2p — 3 sin® 2¢ sinh? p]
X [(—1 + 160113 cos® ¢ sinh® 2p) 0 )o
— 81 — 8npiapt cos” ¢ sinh? p) cosh? pda s
— 8n(ps — 8npu i cosh? p) cos” ¢ sinh’ pf?awl] :
1
]Oc - 2 Oép’
2= 1 cos ( sinh p

21— 1602[(12 sin? ¢ + 3 cos? ¢) sinh? 2p — p2 sin? 2¢ sinh? p]
X [(—1 + 167* 112 sin? ¢ sinh? 2p) 0,1
+ 80(p13 + 8npi i cosh® p) sin® ¢ sinh? pda

+ 81(p12 + 8npu pis sin® ¢ sinh? p) cosh? pﬁawg] :

1
.]2 = _5 sinh pﬁagv

o cosh p

Jo =91 1692[(p2 sin® ¢ + 3 cos? ¢) sinh? 2p — 3 sin® 2¢ sinh? p]
X [(1 + 167> 143 sin? 2¢ sinh? p) 9,15

— 8n(p2 — 8npapg sin® ¢ sinh? p) cos® ¢ sinh? pda iy
+ 89(pt1 + 8npuapis cos® ¢ sinh? p) sin’ ¢ sinh? p@awg] : (C.9)

Finally, Ly and Lg are given by, respectively,

i 1.2
Lg = —5 [— sinh” pd, pdsp

+ (sin ¢ sinh pd, ¢ — cos ¢ cosh pd, p)(sin ¢ sinh pds¢ — cos ¢ cosh pdsp)
+ (cos ¢ sinh pd, ¢ + sin ¢ cosh pd,p)(cos ¢ sinh pdz( + sin ¢ cosh pdsp)
+G [sinh2 p(cos® ¢ Oa105Y1 + sin? ¢ On20p102) — cosh? POu 30513

— cos® ¢ sin® ¢ cosh? psinh® p(3,4:0a1) (Zﬂjagwj)” , (C.10)
L= —e*P( [&3 cos?  sin? ¢ sinh? PO 1082
— sinh? p cosh? p (52 cos® (0305101 + 41 sin® C@a%@ﬁwg)] : (C.11)

Here a scalar function G is defined as

Gl =1 — (32sin® ¢ 4 42 cos® ¢) cosh? psinh? p 4 42 cos® ¢ sin? C sinh? p (C.12)

12



and new deformation parameters 4; are

So=Snp (i=1,2,3). (C.13)

By performing the coordinate transformation (£IZ), the metric and NS-NS two-form
associated with (CI0) and (CIJ]) are written into a compact forms,

3
ds® = (dp} + Gpldy}) + Gpip3p; <Z 5 d@bz) +dsg, , (C.14)
i=1
By =G (73 pip5 Ay A diby + A1 p3ps diby A dibs + A papi dibs A d%) . (C.15)
Here there is a constraint Z?:l p? = —1 and G turns out to be
G = 1443 pios + 41 pars + %5 et - (C.16)

These are quite similar to y-deformed S® [27,28] and hence the metric (CI4) and NS-NS
two-form ((C.I18) may be regarded as y-deformed AdSs .

The one-parameter result in section 4 is reproduced by setting the parameters as

N=%2=0, HB=7. (C.17)
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