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Type IIB sugra backgrounds
AdS3 ×M

symmetric spaces

Type IIB sugra backgrounds
AdS3 ×M
integrable

Case Geometry SUSY Manifest symmetries

1. AdS3 × S3 × S3 × S1 16 D(2, 1;α)2 × U(1)

2. AdS3 × S3 × S2 × T 2 8 D(2, 1;α)× SU(1, 1)× SU(2)× U(1)2

3. AdS3 × S2 × S2 × T 3 8 D(2, 1;α)× SU(1, 1)× U(1)3

4. AdS3 × S3 × T 4 16 PSU(1, 1|2)2 × U(1)4

5. AdS3 × S2 × T 5 8 PSU(1, 1|2)× SU(2)× U(1)5
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Summary 3

• Construct integrable type IIB backgrounds that interpolate between the different cases

I Preserve the AdS3 geometry (→ application to AdS3/CFT2)

I Integrable (Lax integrable, factorised scattering)

I Preserve 8 supersymmetries (coming from one D(2, 1;α) copy)



Starting point 4

Case Geometry SUSY Manifest symmetries

1. AdS3 × S3 × S3 × S1 16 D(2, 1;α)L × D(2, 1;α)R × U(1)

ds2 = R2ds2(AdS3) + R2
1ds

2(S3
1 ) + R2

2ds
2(S3

2 ) + ds2(S1)

H3 = 2q
(
R2 Ω(AdS3) + R2

1 Ω(S3
1 ) + R2

2 Ω(S3
2 )
)

F3 = 2q̂
(
R2 Ω(AdS3) + R2

1 Ω(S3
1 ) + R2

2 Ω(S3
2 )
)

R1 =
R√
α
, R2 =

R√
1− α

, 0 < α < 1 , q2 + q̂2 = 1 ,



TsT transformation 5

Strategy: TsT tranformations in the “R” algebra

I T-duality in φR → φ̃R (type IIB → type IIA)

I Shift ψR → ψR + s φ̃R
I T-duality in φ̃R → φR (type IIA → type IIB)

AdS3 × S3
1 × S3

2 × S1

SU(1, 1)L ×SU(1, 1)R × SU(2)1,L × SU(2)1,R × SU(2)2,L × SU(2)2,R × U(1)

U(1)L × U(1)R × U(1)1,L × U(1)1,R × U(1)2,L × U(1)2,R × U(1)

3·2
2 = 3 parameters

1. → 2.1. → 3.
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Deformed background 6

• TsT-deformed background (starting from pure RR):

ds2 = R2ds2(AdS3) + R2
1ds

2(S3
1 ) + R2

2ds
2(S3

2,∆) + dx2

H3 =
1

2
R2

√
1−∆dA2 ∧ dx

• “Squashing” of the sphere:

ds2(S3
2,∆) =

1

4

(
ds2(S2

2 ) + ∆A2
2

)
, s =

2

R2

√
1−∆√

∆
, 0 < ∆ ≤ 1

ds2(S2
2 ) = dθ2

2 + sin2 θ2dη
2
2 , A2 = dξ2 − cos θ2dη2 .

I ∆→ 1: undeformed AdS3 × S3 × S3 × S1

I ∆→ 0 (together with rescaling of coordinates): AdS3 × S3 × S2 × T 2
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Geodesics 7

3 7

• What are classical string solutions in this background?

• Consider point-like string, whose motion depends on τ but not σ.

• Want to solve the geodesics equations & Virasoro constraints

• Solutions characterised by their U(1) charges

L0 L̄0 J1 J̄1 J2 J̄2

• Find a solution with

L0 = L̄0 = J1 = J̄1 = J2 , J̄2 = 0 .

• Does it saturate the BPS bound of d(2, 1;α)L ⊕ d(2, 1;α)R?

L0 = αJ1 + (1− α)J2 , L̄0 = αJ̄1 + (1− α)J̄2
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pp-wave limit 8

• Small fluctuations above the geodesics

ds2 = 2dx+dx− + δijdx
idx j − Aijx

ix j(dx+)2 + 4(1− α)
√

∆ x5dx6dx+

H3 = −2(1− α)
√

1−∆ dx5 ∧ dx8 ∧ dx+

where j = 1, . . . , 8 and

Aij = diag(1, 1, α2, α2, 4(1− α)2(1−∆), 0, 0, 0) .

• Fix light-cone gauge

x+ = τ , p− = 1 , p+ = −H .
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Worldsheet Hamiltonian 9

H = ω1,± a
†
1,±a1,± + ω2,± a

†
2,±a2,± + ω3,± a

†
3,±a3,± + ω4,± a

†
4,±a4,± .

ω1,± =
√
p2 + 1

ω2,± =
√
p2 + α2

ω3,± =
√
p2 + (1− α)2 ± (1− α)

ω4,± = |p|



Outlook 10

• Integrability for cases 2., 3. and 5. not yet well-understood

• Know that the TsT transformation acts on the exact w.s. S-matrix as a Drinfel’d twist

• Subtelty as the twist involves the light-cone coordinates

• Holographic duals of these TsT-transformed backgrounds?

• Many more integrable deformations: trigonometric and elliptic deformations of S3 factors.
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