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[Maldacena 97] AdS/CFT or holographic duality

N = 4 SYM AdS5 × S5

xm(τ,σ)−−−−−−−→

Integrability (classical) of the string
2d σ-model equations of motion ⇐⇒ flatness of Lax connection

∂τLσ − ∂σLτ + [Lτ , Lσ] = 0

Exact spectrum in large-color limit of ’t Hooft
See review [Beisert et al. 09]
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Low energy limit of the string −→ supergravity

Metric Gmn, Kalb-Ramond Bmn, dilaton Φ (here bosonic string)

0 = Rmn − 1
4H

2
mn + 2∇m∇nΦ + α′( 1

2RmpqrRn
pqr + . . .) +O(α′2),

0 = ∇pHmnp + . . .+ α′(. . .) +O(α′2), H = dB

0 = �Φ + . . .+ α′(. . .) +O(α′2)

Higher-derivative corrections in the inverse tension α′
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The Yang-Baxter deformation
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[Klimčik] . . . [many more]

Start with solution G ,B,Φ with isometries
kmi Killing vectors [ki , kj ] = −fij kkk

G̃ − B̃ = (G − B)[1 + Θ(G − B)]−1, Θmn = η kmi knj R
ij

e−2Φ̃
√

det G̃ = e−2Φ
√

detG

• Antisymmetry R ij = −R ji

• Classical Yang-Baxter equation R l [iR |m|j flm
k] = 0

• Unimodularity condition R ij fij
k = 0 (sufficient)

E.g. def. of S3 × S1 (U(2) PCM)
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Double Field Theory
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[Siegel] . . . [many more]

XM = (x̃m, x
m) where m = 1, . . . ,D

Generalized metric

HMN =

(
(G − BG−1B)mn (BG−1)m

n

−(G−1B)mn Gmn

)

Capital indices are raised and lowered with the O(D,D) metric

ηMN =

(
0 δmn

δm
n 0

)

e−2d̂ = e−2Φ
√

detG

T-duality (Buscher’s rules) as simple O(D,D) transformation
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Yang-Baxter deformation in doubled language

H̃ = OTHO , OM
N = δM

N + ΘM
N , ΘM

N =

(
0 Θmn

0 0

)
−−−−−−−−−−−−−−−−−−−−−−−−−−−−

HMN = EA
MHABEB

N , HAB =

(
η̄ab 0
0 η̄ab

)
with η̄ab Minkowski metric

ẼA
M = EA

NON
M

ηMN = EA
MηABEB

N , ηAB =

(
η̄ab 0
0 −η̄ab

)
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DFT equations of motion written in terms of generalised fluxes
F and their derivatives ∂AF [Geissbühler 11]

Weitzenböck connection ΩABC = EA
M∂MEB

NECN

Fluxes FABC = 3Ω[ABC ] , FA = ΩB
BA + 2EA

M∂M d̂

DFT equations of motion are equivalent to supergravity equations
when reducing to D dimension and imposing only xm-dependence
of fields
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[RB, Wulff 20]

Ẽ = EO, Ω̃ABC = ẼA
M∂M ẼB

N ẼCN

−−−−−−−−−−−−−−−−−−−−−−−−−−−−

F̃ABC = 3Ω̃[ABC ] = FABC + 3E[A
MEB

NEC ]
P ΘM

Q∂QΘNP

Θ[M
Q∂QΘNP] = 0 ⇐⇒ CYBE for R

−−−−−−−−−−−−−−−−−−−−−−−−−−−−

F̃A = Ω̃B
BA + 2ẼA

M∂M d̂ = FA + EA
M∆FM

∆FM =

(
−2∇nΘmn

0

)
∇nΘmn = 0 ⇐⇒ unimodularity condition for R
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α′-corrections
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Double Lorentz SO(1,D − 1)× SO(D − 1, 1)

ΛA
B = δA

B + λA
B +O(λ2), λA

B =

(
λ[+]a

b 0

0 λ
[−]b
a

)

Anomalous double Lorentz at α′ order [Marqués, Nú~nez 15]

δ̂G
(DFT)
mn =− 1

2
∂(mλ

[+]abω
(+)
n)ab −

1

2
∂(mλ

[−]abω
(−)
n)cd ,

δ̂B
(DFT)
mn =

1

2
∂[mλ

[+]abω
(+)
n]ab −

1

2
∂[mλ

[−]abω
(−)
n]ab

ω(±) = ω ± 1
2H
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[RB, Wulff 20]

Finite first-order α′-corrections of YB deformations

∆(G̃ − B̃)
(DFT)
mn = 1

2 ω̃
(−)
mab

(
∂nΛΛ−1

)ab
+ 1

4∂mΛab∂nΛab − BWZW
mn

Λa
b =

(
O [+]O [−]−1

)
a
b, O [±] = 1± (G ∓ B)Θ

dBWZW = − 1
12 Tr(ΛTdΛ)3

Correction of dilaton from invariance of e−2d̂ = e−2Φ
√

detG

Tests in covariant schemes
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Conclusions

• Deformations of 2d σ-models preserving classical integrability

• Applications to AdS/CFT correspondence

• Formulation in Double Field Theory and α′-corrections

• Explore other solution-generating techniques in
supergravity: non-abelian T-duality, Poisson-Lie T-duality,
η/λ deformations

• Investigate higher α′-corrections

• Develop integrability methods for deformed models

• . . .

Thank you!
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Back-up slides
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EA
M =

1√
2

(
e [+]an(G − B)nm e [+]am

−e [−]
a

n(G + B)nm e
[−]
a

m

)

e
[±]a
m e

[±]b
n η̄ab = Gmn

Diagonal gauge e [+] = e [−] when going to sugra in D dimensions

ẽ
[±]m
a = e

[±]n
a On

[±]m, O [±] = 1± (G ∓ B)Θ

Need compensating Lorentz transformation, e.g.

ΛA
B =

(
δab 0
0 Λa

b

)
, Λa

b =
(
O [+]O [−]−1

)
a
b
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[RB, Wulff 20]

Finite form of anomalous Lorentz transformation

• δ̂G̃ (DFT)
mn = −1

2∂(mλ
abω̃

(−)
n)ab +O(λ2)

=⇒ G̃
(DFT)
mn +α′

4 ω̃
(−)cd
m ω̃

(−)
ncd is invariant

• δ̂B̃(DFT)
mn = δ̂1B̃

(DFT)
mn + δ̂2B̃

(DFT)
mn

δ̂1B̃
(DFT)
mn = −1

2∂[mλ
abω̃n]ab +O(λ2)

δ̂2B̃
(DFT)
mn = 1

2∂[mλ
ab 1

2 H̃n]ab +O(λ2)

=⇒ B̃
(DFT)
mn − α′

4 ω̃
cd
[mH̃n]cd is invariant under δ̂2

=⇒ δ̂1H̃
(DFT) = −1

4 δ̂CS(ω̃), CS(ω̃) = Tr
(
ω̃d ω̃ + 2

3 ω̃ω̃ω̃
)
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