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Statement

Statements

m (Almost abelian) bi-vector deformations are equivalent to coordinate transformations in
doubled space

m [tis possible to construct uni-vector deformations generating solutions in
Einstein—Maxwell dilaton theory.
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Introduction

Why deformations?

Under gauge/gravity duality families of CFT’s correspond to families of supergravity
backgrounds.
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Deformations Bi-vectors

Bi-vector deformations

m Type Il supergravity fields: Gmn, Bun, @, C(p)

m A general bi-vector Yang-Baxter deformation
[Bakhmatov, Colgain, Sheikh-Jabbari, Yavatanoo (2018)]

e (G+B)'=g'+p no initial flux
e (G+B) '=(g+b) ' +p withaflux of by @
m Sufficient conditions to have a solution
[Ka, kp] = fapke (Killing vector algebra)
gt = k."kp"r®  (bi-Killing anzats);
b [a]r‘bﬂaszlbz“] =0 (classical YB equation); @
rb]bszlbfkam =I"=0 (unimodularity condition);
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Deformations  Poly-vectors

Origin of deformations

From dualities:

m String on T4 is invariant under (global) O(d, d)

¢

bi-vector deformations: Og = exp (B™"(x)Tma) € O(d, d),

Geometric:

m Uni-vector deformations can be found in the standard KK reductions of GR
m Rank of the poly-vector is related to structure of internal space

m Deformations are coordinate transformations
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Uni-vector deformations

KK reduction of the standard GR

The standard General Relativity in D = 4

SGL(4) = fd4X\/ —GR[G] (3)

ds? = e®gpndx™dx™ + e (dz + Amdxm)z}

The Einstein—Maxwell dilaton theory in D = %\J

Seva = [ dxy/=g(Rlg] — Jomo g — Le 20 FmE, ), )

has hidden symmetries:
global GL(4) (analogue of the global O(d, d));

local diffeos modulo the “section condition” 9, = 0.
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Uni-vector deformations

Uni-vector deformations

Uni-vector deformations bas gl(4) = {Tin*, T, T4 }:

o 1 0
0w (o) = [ ] .

Mn (%) = OM ON"Gr (%)

Non-linear transformations of the fields of the Einstein-Maxwell dilaton theory

e e?aa + e (1 + Aa)?,
Am e(f) (e@am + ei(PAm(l + Akak)) 5 (6)
Emn e_‘f’(e‘PgInn +e P ALAL) — e 20 A A, .

Sl
Il

Generates solutions if ™ = a™(x) is a D = 3 Killing vector:

‘COL(P:O7 ﬁagngO, ﬁaAmZO, (7)
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Uni-vector deformations  Examples

Example |

Flat D=3 space: ds*> = —dt? + dr2 + r2d6? ¢ =0, A, = 0
Deformation along o = 1 Jp gives:

ds? = (1 +1%r?)(—dt* +dr?) +r’do?,
2
~ - T]I
A= n2r2 +1
¢ = —ln(1+ﬂ2r2).

do,

The transformation is non-trivial:

(e’ -1)  x_ 2

R— VoFo 2w
(nPr? +1) (Pr? +1)
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Uni-vector deformations  Examples

Example Il

Schwarzschild Black hole: f(r) =1 + r?g

ds? = —f(r)dt? + f(r)"'dr? + r?(d6* + sin® 6dd?), @ =0, Ay =0,

Deformation along o« = ¢ 8¢ gives:

ds? = V14 c2r2sin? 0 | ~(r)de® + f(r) "dr? + r2(d6? + smze,zdcpz)] :
1+ c2r2sin“ 6
~ cr?sin®0
~ 1+c2r2sin’6
V3

Q= fTIn (1+c*?sin®0),

do,

(10)

This is not equivalent to the Gibbons—Maeda solution.

Edvard Musaev (JINR) Yang-Baxter deformations and extended space 9/17



Uni-vector deformations  Examples

Origin of the uni-vector symmetry

m Uni-vector deformations provide a solution generating technique for the
Einstein—Maxwell dilaton theory
m These are nothing but coordinate transformation
XM = e8I M, E(x) =za™(X)Om (11)
in the parent theory if L, = 0.

XK oxk
wn(X) = DM N kL (X) (12)

m No algebraic condition arises
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Uni-vector deformations  Examples

Origin of the uni-vector symmetry

m Uni-vector deformations provide a solution generating technique for the
Einstein—Maxwell dilaton theory
m These are nothing but coordinate transformation
XM = e8I M, E(x) =za™(X)Om (11)
in the parent theory if L, = 0.

XK oxk
wn(X) = DM N kL (X) (12)

m No algebraic condition arises

Are Yang—Baxter bi-vector deformations also a coordinate transformation?
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Deformations in supergravity ~ Double Field Theory

Double Field Theory

D-dim Einstein—Maxwell dilaton

10-dim Supergravity

fields:

parent:

coordinates:

section condition:

hidden symmetry:

deform. param.:

conditions:

gml’n Amv q)

GRinD+1

gmn; bmna (T’

Double Field Theory

0(10,10)
ﬁml'l — riliz ki] mkizn

Ly, =0
CYBE + unimodularity
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Deformations in supergravity ~ Double Field Theory

Reduction of DFT

Double Field Theory in D =10 + 10

SGL(4) = deOXe_ZdR[G} (13)

(ds? = (gmn — BriBa*)dx™dx" + B dx™d%n + g™ dmls |

NS-NS sector of the D = 10 SUGRA:

Seugra = J d''x\/—ge™%* (R[g] — 40 b O™ — f—sznkank) ) (14)

has hidden symmetries:
global O(d, d));
local generalized diffeos modulo the section condition om =0
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Deformations in supergravity ~ Double Field Theory

Bi-vector deformations

Under the breaking O(10,10) — GL(10) the generators split as
baso(d,d) = {Ta} = {Tjmn)s T, T™}, m=1,...,10, (15)

The deformation matrix:

O = exp [ﬁmnTmn} = [1 O} )

p 1 (16)
v (%) = O ON"Ge (%)
In the Bi-Killing ansatz p™" = 2k, Mk, the deformation generates solutions if
rbl[alrlbz‘aszlbzaﬂ =0 (classical YB equation); an

rblbszlbzakam =I™ =0 (unimodularity condition)

We want to see that this is a coordinate transformation in the doubled space
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Deformations in supergravity ~ Double Field Theory

The Yang-Baxter condition

Coordinate transformation
XM = XM & = ™MK Oh. (18)
Closure of these into themselves requires

[Oc;, 05,] = Bpeey) = 0, = pmap =0 (19)

{ﬁmn — rabkamkan

Classical Yang-Baxter equation: (’\J

b [alr\b2|a2fblbza3] =0 (20)
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Deformations in supergravity ~ Double Field Theory

Coordinate transformation in DFT

Transformation matrix for tensors must be in O(10,10) [Hohm,Zwiebach (2012)]

G (X )un = P FntHi (X),

FN 1 oxXP ox,  oxy, oxN (21)
MUT 2\ XM aXy T OXT oXp )
Given the section condition qMNaM e Oy e this implies the correct rule n= [g é]
oxXN
N
o =Fu N = SN 22)
For & = B™"'Xm O, this should give (does not quite work)
Hnm(x)/ = Hmn(x)7
Hin" (%) = H" (%) + B Hunk (23)
H™ (x) = H™(x) 4 28K 20 4 pmkpniay.
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Deformations in supergravity ~ Double Field Theory

Almost abelian bi-vector deformations

All non-abelian unimodular rank-4 r-matrices of 50(2,4) were classified in [Borsato, Wulff (2016)]

Take a subclass of them:
B=p1Ap2+qAj, (24)

where the only non-vanishing commutators are

I, pi] = &q. (25)

We show, that the corresponding bi-vector deformations are equivalent to
the coordinate transformation & = ™"'Xm 0

a further TsT transformation.

At the linear level and for general TsT transformations the same has been observed in
[Sakamoto, Sakatani, Yoshida (2017)]
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Conclusions

Conclusions

Bi-vector Yang-Baxter deformations generalize up and down

Uni-vector and almost-abelian bi-vector Yang-Baxter deformations are equivalent to
coordinates transformation in the parent theory

Classical Yang—Baxter equation follows from the consistency of the algebra of such
transformations

Uses and further work:
m What is the origin of unimodularity in this language?
m Generalize to Yang—Baxter deformation of general form.
m Prove that all (almost-abelian) YB deformations preserve integrability

m Generalize to tri-vector deformations (need tensorial transformation law).
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Thank you!

Deformations open a way to the world of new knowledge
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