Generalized type II equations
and deformed AdS x .S models

Arkady Tseytlin

G. Arutyunov, S. Frolov, B. Hoare, R. Roiban, AT 1511.05795
R. Borsato, L. Wulff, AT 1601.08192
L. Wulff, AT 1605.04884



e search for integrable/solvable deformations of

AdS,, x 8™ supercoset string models

with no susy but (q-deformed) hidden symmetries

e integrability — key to exact solution for spectrum

e gauge theory dual? some deformation of N =4 SYM ?

e two recent examples:

n-model : JJ (Yang-Baxter) type deformation

of supercoset model [Klimcik; Delduc, Magro, Vicedo]

A-model : gWZW type deformation of non-abelian dual

of supercoset model [Sfetsos; Hollowood, Miramontes, Schmidtt]

e both give classically integrable and ~-symmetric GS actions
e UV-finite (scale invariant) sigma models

e but are they Weyl-invariant and define critical string model?
corresponding 10d backgrounds solve IIB sugra eqs?



e String in curved space:
sigma model [ d?z \/gg®* G () Opx™Opx™
e Scale invariance:

G =Run+...=0
[dz/g T =0
e consistency of string theory: decoupling of conf factor of g,
conformal invariance: 17 = 0 (for ghost-free spectrum, etc.)
requires adding [ d*z,/gR® ¢(x) term to cancel Weyl anomaly
stronger Weyl-invariance condition: R,,, + 2D,,D,¢ =0
effective action: S = [ d”zvV/Ge ?*(R 4 40™¢0,, )
e scale invariance # 0 conformal invariance
in 2d string model context
(non-compact sigma-models; non-unitary time-like directions)
e Green-Schwarz superstring in curved background:
kappa-symmetry vs supergravity equations



e GS superstring in curved superspace Z = (x, f) background
L= (/99" E}; E3nes + €’ Buyn) 0.2 0,27

k-symmetry — constraints — component fields

no explcit dilaton coupling of classical GS string —

dilaton superfield ¢(Z) = ¢(x) + ... via solution of constraints
Weyl invariance requires adding | d?z,/gR»¢(2)

e component form of classical GS action

S = —T/d2z\/§[ %(gamen + €% B, ) Ogx™ O™
+40T,, VO Ox™ + 60T, F-T T,0 0x™0x" + ]

e bosonic sigma model:

S =—3T [ 2 \/g(9*° G + € Biny,) D™ O™



e scale invariance or on-shell UV finiteness: [ d*z,/gT¢ = 0

¢ = Rmn — iHmlenkl — _van — anm

mn

BB = lvk]{kmn — Xka:mn + amYVn — amYVn

mn — 9

X,, and Y,,: freedom of reparams and B-field gauge transf
drop out on eqs of motion or absorbed in 2™ — ™ 4+ X" log e

e Weyl invariance condition 1s stronger: 1, = 0
can be satisfied adding [ d?z,/gR®¢(z) and if

X = 0o, dY =0 or Y, = 0,,v
Weyl invariance conditions

3¢ = Rmn _ iHmlenkl -+ 2vmvn¢ =0

mn

e = %kak:mn o ak¢Hkmn =0

mn



imply “central charge” identity 0,,3® = 0 or dilaton equation

3*=R- LH?

mnk

+4V?%¢p — 40™¢0,,¢ = const

equivalent to string eqs from S ~ [ d%xv/Ge ¢3¢
e full set of 1-loop Weyl inv conds of GS sigma model:
follows from type II supergravity action (F = e?F)

/ d'c VG (e §° + FF) = / dlz VG e (B¢ + FF)

e which constraints k-symm of GS superstring
places on target space (super) geometry ?



Some history:

e kappa-symmetry of superparticle — constraints of 10d SYM
similar relation expected for GS string and sugra [Witten 1985]

e GS action 1n type Il supergeometry:

r-symm holds if type II eqs (constraints) are satisfied;
conjectured that converse 1s also true

[Grisaru, Howe, Mezincescu, Nilsson, Townsend 85]

e true in 11d case: xk-symmetry of supermembrane action

1s equivalent to 11d sugra constraints [Howe 97]

e usually assumed that this 1s also true for 10d superstring

e r-symmetry of GS superstring implies, in fact, weaker set of
generalized equations equivalent to scale invariance conditions
type IIB supergravity eqs are equivalent to stronger

Weyl invariance conditions

e main issue: existence of dilaton superfield (absent in 11d)



type I theory: standard constraints following from s-symmetry
Ta/ga E— —i’}/gﬁ, [‘[Oz[g7 = O, HaQB — _75(7@)&5

T" — superspace torsion, [ = d B — superspace three-form
e dim 1/2 torsion contains spinor (“dilatino”) superfield
e if one assumes that it is expressed in terms of scalar ¢(2)

Xa — voz¢

then standard type I sugra eqs follow [Nilsson 1981]
e but this assumption does not directly follow just from xk-symmetry:
it implies Y, is expressed in terms of vector X,,, instead of 0,,¢



e then generalized eqs follow:

Rap + QV(CLXI)) - %HacdeCd =0,
Ve Hope — 4V Xy — 2X Hope = 0
VX, — 2X°X, + L H H = 0

e cquivalent to scale invariance conditions of type I GS action
on flat 2d background

e no reason to expect Weyl-inv egs to follow from x-symm

as it applies to classical GS action (without dilaton R¢ term)



Type II theory: GS action

S:/d2§'\/—G+/B, G:detG[J, ]:1,2

Gry=El"E/,  Eft=0ZMEyY(2), ZM = (2™, o)
k-symmetry transformation: 00 ~ Tx+..., dz™ ~ ™50+ ...
0.ZME* =0, 0. ZM B, = %(1 + )% 5, 15P7
' = 2\/1_—G5”EIGEJ’)%;)03, trI' =0, I?=1

1,9 =1,2; +=1intypel; type lIA: 03 — I'14
requiring k-symmetry gives constraints
on torsion 74 = dE4 + EBQg4 and H = dB

Toigi” = —10i%g,  Haaipy = —105;(Ya)as,  Haipjur =
next step: combine these with solution of Bianchi identities
dT4 + EBQp? = EBPRR4, dH = 0



Rp*: components R,” and R,;”’ = —iRa’b&;j (Ved)P o
dim 1/2: get Ho i = 0, T, = 0 and

k
TO&Z'@J _ 5Zazxﬂj) ( 35)(04@(0 X)BJ : 5’” /7065 (fan)

with some spinor superfield .,
dim 1:
Taaiéj (Vbcag)ozz@ Hape + 3 (%LS) 7
VaiXBj = §Xaz'X/3j T ‘(U X)ai(g X)BJ (6ZJX + 0; ] )735
— _O-Z]/yg;%cHabc _ %(7&87 )aiﬁj
X, and [, are some vector superfields
SPJ is bi-spinor superfield that can be expanded as

S = —ZO'Q’VCLF . —,O' ,yachT_‘a e — 2_5|20-2’7ab0defabcde



dim 2: generalized type IIB equations (set fermions to 0)

Rap + 2V (o Xp) — T Hage Hy™ + 75 Tr(S7S7°) =

V*Hupe — 2X Hgpe — AV 1 — @Tr(a?’%S%S) =0
analog of RR eq
YV, S — (X, + 0°1,)S + S*y 038~ H e + 2—27“00381"—]@% =0
analog of dilaton eq

VX, — 2X°X, + L H® Hy, — -2 Tr(87°87,) = 0

256

X, = Xq + 1,
Vialy =0, Xa], = 0
2v[a,><b] =+ ]CHabc =0



Ry — s Hg Hy* — T + Vi X + V, X0, = 0
AN Himmn + Lo — X Hyy — O X + 0, X, = 0
Ton = 5FmFn + 1 FmpaFn?? + mogiFmparsF o0
2GS FRTF* 4 & Fpg FFP9)
Linn = 3F" Fremn + 15F mnkipF P
R—+H2 .+ 4va —4X™mX,, =0

V" Fp = X" Fp — SH™F, =0, I"F, =0

(dFy — XA F)mn — TP Frunp = 0

V2 Fpn — XE Fyun, — S HPY Frnpar — (LA Fi)ian = 0

(dF5 — X A Fs+ Hs A FD)mmpg — 1" Fnnipgr = 0

V' Frmnpg — X Frmnpg + 3—165mnpqrstuva TEFUY — (I A F3)mnpg = 0
(dFs — XA Fs+ Hy A Fs)mnpgrs + 5Emnpgrstuvw ] F* =0



generalized type II equations:

up to “measure zero” set of solutions same as type Il sugra eqs
e choosing simplest /, = 0 solution:

then X, = 0,¢

and get back to type IIB sugra eqs

e if metric G admits a Killing vector:

one may choose /, = Killing and get new background
corresponding to k-symmetric, scale-invariant

but not Weyl-invariant GS superstring sigma model

e deeper meaning of these generalized eqs? Action?

e non-trivial solutions of generalized eqs are
T-dual to type II sugra solutions with non-isometric dilaton



Example of background with non-isometric linear dilaton

ds* = " Ddy + A, (x)dz")* + g (v)dx"dz”
¢ =—by+ f(z)

suppose it is string background: solves R,,,, + 2V,,V,¢ = 0
e dilaton breaks y-1sometry: T-duality cannot be applied

to get another consistent string background

e but can still be applied to sigma model on flat 2d space

— gives I'-dual scale-invariant sigma model

but no dilaton exists to make it Weyl-invariant:

it corresponds to generalized background
e T-dual (G, B) background

ds* = e 2D dy? + g, (v)da"dr” , B = A,(x)dy A dz*



e solves generalized eqs (equiv to scale invariance)
Ry — s Hp H M + V0 X, + V,, X, = 0
AV Hyn — X Hyy — O X + 0 X, = 0
R — 1—12H§mk +4V™X,, —4X™X,, =0
X=X+ Ly, "X, =0
Vildy +Vaol, =0, V"I, =0
OnXp — 00X + " Hin =0, Xy = O + BignI*

I,,= Killing vector , X.n»= “generalized” dilaton gradient
solving “generalized dilaton Bianchi identity”™
e in the present example

[@\:be_a, ],u:()7

X;=0, X,=0,0+bA,, od=¢—a

origin of I,,, in non-isometric dilaton term: Y =b = — oo



AdS,, x S™ type IIB backgrounds:

AdS5 X S° + F: limit of D3
AdSs x S3 x T* + F5. Hs:  limit of D5-D1 + NS5-NS1
AdSs x S? xXT® + Fx: limit of D3-D3-D3-D3

most symmetric superstrings:

AdS,, x S™ = G/H — supercosets G/ H

G = super-isometries

AdSs x S°: G = PSU(2,2/4)
H = 50(1,4) x SO(5)

AdS; x $3: G = PSU(1,12) x PSU(1,1|2)
H = 50(1,2) x SO(3)

AdSs x S%: G = PSU(1,1J12)
H=S50(1,1) x SO(2)



GS superstrings in AdS,, x S" :

alg(G) =alg(H) + odd + alg( G/H) + odd
J =515 = JO 4 g0 4 J@ 4 j©3)

I=h / d>¢ STr[\fgabJ et g g3

e classical integrability; k-symmetry; Weyl invariance
e quantum integrability — solution for spectrum
e critical d = 10: symmetries if AdS,, x S™ x T1072n

e integrable deformations? solvable models with no susy?
e known examples: orbifolds; T-duality
e.g. B-deformation and generalizations



® recent example: n—model [Delduc, Magro, Vicedo 13,14]
integrable deformation of AdSs x S° supercoset o-model
with ¢-deformed U, |psu(2, 2|4)] symmetry

and g-deformed AdS5 x S° l.c. S-matrix

[ Arutyunov, Borsato, Frolov 13]

e defines a quantum-consistent solvable string model?

Integrable deformation of group space o-model
“Yang-Baxter” o-model [Klimcik 02,08]
PCM: Lo=Tr(J.J.), J=g'dg, geG

1

L=Tr(J.KJ_ K =
I.(—|— )7 1—I€Rg

Ry(M)=g'R(gMg~")g, M € alg(G)
R=const — solution of classical modified YBE



[R(M), R(N)|] = R([R(M), N] + [M, R(N)|) = [M, N
e.g. R = 41 on positive/negative roots and O on Cartans
e classical integrability for any «: Lax pair
e manifest G X GG symmetry broken to [U(1)]" x G
e hidden non-local conserved charges:

Hopf-Poisson U, |alg(G)], q = q(k)
e simplest example: “squashed” S° [Cherednik 81]

Integrable deformed G/ H o-models [Delduc, Magro, Vicedo 13]

Py
1—I£R9'P2

L=Tr(J KJ ), K —
alg(G) = alg(H)+ coset, J=JO +J®  Ppy(J)=JO

e local charges: G broken to [U(1)]|" — Cartans of alg(G)



e non-local charges: for simple roots g = e"/"

¢ — ¢ C
{Qtan: Q- = 10nm|Chlq , Clq = —
q—4q
e simplest case: deformed S? = “sausage” model
[Fateev, Onofri, Zamolodchikov 93]

Deformed AdSs x S° superstring o-model:

AN

G PSU(2,24)

=0 H ~ SO(1,4) x SO(5)

Zy of psu(2,2]4): projectors Py + P, + P, + Ps =1

— hSTI‘(J+ KO J_)
Jo =9 049 , Ko =P, + 5(P — Ps)



“n—deformation”: K = 137]2 [Delduc, Magro, Vicedo 13,14]

L.=hSTr(J; K J_)
P, |

[(:1—/§JRQ-P,<C7 PK:P2+1+\/W

(P — %)

e deformation preserves integrability

e classical U, [psu(2, 2|4)] with real ¢ = e="/"
e kappa-symmetry of GS action preserved:
expect UV finiteness to be preserved

e corresponding type IIB background?
puzzle: 10d background extracted from GS action
1s not type IIB sugra solution [Arutyunov, Borsato, Frolov 13,15]



GS superstring o-model: extract background fields
I=h / d*o (G + Binn)042m0_2" + 0(V + F5 + ...)0 0z + ....]

undeformed AdSs x S° metric:

ds? + ds? = —(1+ p?)dt? + {25 + p2dSs

+(1 = r2)dp? + 425 + 1248,

1—7r2

deformed AdSs x S ° metric: [Arutyunov, Borsato, Frolov 13,15]
SO(2,4) x SO(6) broken to [U(1)]? x [U(1)]°, no susy

dsy = —h(p)dt* + f(p)dp® + p* [v(p, () (dC* + cos® Cdyy) + sin® ( dy; |

14p? f _ 1 v — 1
1—rK2p2 )  (1+4p2)(1—k2p2) >  1+k2ptsin? ¢

h
ds% = h(r)dg® + f(r)dr? + 1 [T(r, 0) (d6° + cos® § dp?) + sin? 6 de? ]

_ 1—r2 P 1 ~ 1
h = 14+K2r2 0 f  (1—r2)(14kK2r2) U= 1+x27r4sin2 6




By,c = skptv(p,()sin2¢ , By = —3k7%0(r, 0)sin 20

Fi = &2F |p*sin? Cdipg — ' sin® € dos |

F3 = kF [%dt/\dwg Adp + T;éd¢A da A dr
R OV
“fi :212 St Adp A dy — “jpj_r:;iz S diba A dp A dr
5 tiing C;);CQ Scm °€ dip1 N d¢ A dp2 + Gl 41Tisliri§:ii;l§£cos : dips A\ dp1 A ds] ;
Fs=F [(1 — ppj)s(iili(":;; eyt A dua A diby A A dp

r3 sin & cos &

N (1 + w272)(1 + x2r4sin? €)

dp A ddo A dbdy A dE A dr

K> pr . |
T a2 +,€2T2)(p2 sin? ¢ dt A dipa A dp A dp A dr + r?sin® €dt A dp A dp A dop:




k2 ptrtsin ¢ cos ¢ sin € cos &

(1 4+ k2p%sin? ¢)(1 + k2rsin? €)
k2 prdsin € cos &

(1 — k2p2)(1 + Kk2rsin? &)
k2 ptrsin ¢ cos ¢

T AT 4 e gy S S NC A dp N Ndr o dipa A dipr N dC A d

(dipa A dipr A dC A dpr A dE — dipr A dC A dpa A de

(p?sin? Cdt A dipa Adp A dpr A dE — dt Adp A dpa A dpy

_|_

k*p%r%sin ¢ cos (sin? €
— dt Ndiyp1 NdC ANdp N\d
(=2 2)(L+ w2pisin2 ) AV e 1 dp 1 dos
k*p%ro sin? ¢ sin € cos &
— dipa Ndp AN dpr ANdEANdr|
(14 x2r2)(1 + k2r4sin? €) Y2 Adp A dy A de T]

41 + K2
V11— K2p2y/1 4 Kk2ptsin? (V1 + k2r2/1 + k2r4 sin? &

F

o 7, = e¢? I, — effective p-form IIB R-R strengths
from GS action interpreted as action in type IIB background
e no dilaton ¢ exists to promote this to type IIB solution

but 1s, in fact, solution of generalized type IIB equations!



e Applying T-duality to (G, B, F,) in 6 isometries (including )
gives much simpler (G, F5) background for which

exists a dilaton giving (complex)

type IIB supergravity solution

with only GG, ¢ and F5 being non-trivial [Hoare, AT 15]

~ 2 1 —K2%p? dp® di)? > \2 di3
ds” — — dz d tan ¢ d 2
i 1+ p? i (14 p2)(1 —kK2p2)  p2?cos?( T (pdC+ rptan G dyn)” + p? sin? ¢
1+ K2r2 dr? d&;% =12 d$§
dé — krt d ;
—2 T (1 —7r2)(1+ K?r?) T cos? ¢ + (rdd — wrtangdgn)” + r2 sin® ¢
B =0 : ﬁ1 = ﬁg =0,
_ 4iv1 F K2 . d di) i ~ d
Fs = Witk [(dt + s %2 A 1 A (rd€ — krtan&deor) A ( L -
V1+p2V/1 =72 1—k2p2"" psin¢  pcos( 1+ K22
N Kkrdr d(ZQ dqgl -~ dp n
—(dF — A A A (pd tan ¢ dg1) A dt ]
(d 14 w292 rsiné  rcosé (pd¢ + riptan G dipn) (1—&27"2 +rpdt)

¢ = ¢o — 4kt + P) — 26(h1 — ¢1) + log

(1 . &2/02)2(1 + /127“2)2

p212+/1 4+ p?+4/1 — r2 sin 2( sin 2§

e linear dilaton — breaking 4 isometries of (G, F5)



e f5 takes simple form in “rotated” vielbein basis
~ 2

ds = nyneMel
60 - 11+p (dt+ KPZZQ) ’ e’ = pci?nQC ’ e’ pif;c !
e —pdC—i—/{ptanCd{p\l : et = 11+p (1 L —|—lﬁlpd/)
e” = \/ﬁ(dw 1i’;‘§:2) ; e’ = ri?r?i , e’ rcif;g ;
e —rdﬁ—ﬁ;rtanﬁdqgl, e’ = \/%(HR Q—I—Kzrdgo)

ﬁ5 = 4iv1+ HQ(eOAel/\62/\68/\69—63/\64/\65/\66/\67)

e T-dual IIB background also defines integrable GS sigma model
but now also Weyl-invariant: consistent string model

e its origin: limit of A-model background [Hoare, AT 15]



A-deformation and n-deformation
e “n-deformation”: real ¢ = e /"
deformation of AdSs x S° supercoset model
[Delduc, Magro, Vicedo 13]

e “)\-deformation”: root of unity ¢ = e~¥"/*

[Hollowood, Miramontes, Schmidtt 14]

based on deformed F / 3 gauged WZW model

may be interpreted as integrable deformation of

non-abelian T-dual of AdSs x S° supercoset action

e closely related — form pair of Poisson-Lie dual models:

two “faces” of single interpolating theory [Vicedo 15; Hoare, AT 15]
e \-model has no isometries; special limit generates isometries
e n-model can be obtained from A-model in this limit

+ analytic continuation + T-duality [Hoare, AT 15]

e why need T-duality: remnant of non-ab T-dual in the limit



Bosonic models: non-abelian T-duality

e simplest example: SU(2) PCM
L=tr(J,Js), Jo=g 0.9

interpolating action

L =tr(ve®F,+ A.A,) . FF=dA+ AA
integrate out v € su(2) — get back to S model
integrate out A — get dual model L(v)

e Explicitly: S° with g = (a, 3, 7)

ds? = do? + sin® a (d3? + sin® B dv?)

dual background with v = (r, ¢, 9)

ds? = dr? + {7 (d¢? + sin® ¢ dip?)

1412
3

B = {5 singdp Ndy, e 2 =142
e Similarly for cosets F'/G: in general, dual has no isometries

but integrability preserved: hidden symmetries



A-model ;

interpolating between F'/G and its non-ab. dual
e special JJ deformation of WZW model

or AA deformation of F'/F' gauged WZW model
e parameters (k,\): y=XA"%-1

Iia(f, A, C) = k| Lgwzw (f, A) — v / d*¢ Tr(A,PA,)]

Lz = [ € Tr[3710, 1170 [+A0- =10
—fTTALfFA_+ALA } f Az € Tr [f_lﬁaff_lﬁbff_lé’cﬂ
feF, A,calg(F); PA-cosetprojectionof A: to F'/G

e v — o0: gives A, € alg(G) — get F'/G gauged WZW model
ey —0andk —oo: A=1—-Fh+..,y=2h+...
f=eF=1—2v4..., ve€alg(F) I[Sfetsos:2013]

]k—>oo,)\—>1 = fd2€ Tl"[?)éabFab(A) — hAaPAa}



Supercoset—based A-model [Hollowood, Miramontes, Schmidtt 14]

F = PSU(2,2/4) in AdSs x §%case, Lo D Lo x 2

F; and GG; bosonic subgroups; [ € F\, AL € alg(F)
T, 4) = k| Lwanw (f, A) +7 [ ¢ ST (A, AL

Yy=A2-1, P, = P2+A+1(P1 AP3)
e no global symmetry: G; X (G5 gauge symm. to be fixed
e limit £ — oo, A — 1 combined with scaling f — 1
f—exp(—4—”v) 1 — %U—I—..., A=1—-Th+.
Tisoors1 = [ € STr [0 Fy _(A) +h A, PA_]
P=P\|,_, =P+ (P — Py
e \-model is a deformation of interpolating action between

AdSs x S° supercoset model and non-abelian T-dual
e classically integrable; k-symmetric; scale-inv [Appadu, Hollowood]



A-model background

e choose coset parametrization of [ — (x, )

— integrate out A, (as in gWZW model)

— interpret as GS sigma model: get metric and RR field
L= (G+ B)0x0zx +0(V + H + F)0ox + ...

— dilaton from sdet from integrating out A, € alg(F')

— kappa-symmetry and no 1sometries: must be type I1IB solution

— indeed, background solves IIB sugra eqs [Borsato, Wulff, AT 16]

e “bosonic” version of the model: § =0, A, € alg(F)

same metric but dilaton is different (no fermionic part of sdet)

— can also be promoted to IIB sugra solution (adding RR flux)
[Sfetsos, Thompson 14,15; Demulder, Sfetsos, Thompson 135]

e full (supergroup) and “bosonic’ type IIB backgounds:

have no 1sometries; become same in limit producing 1sometries



e special limit: enhances bosonic Cartan directions [Hoare, AT 15]
— gives linear 1sometry-breaking terms in dilaton

— effectively suppresses role of fermionic components of A:

— both backgrounds become same in the limit

e get type IIB background related by analytic continuation

and formal T-duality to n-model background

that solves only generalized type II eqs [AFHRT 15]

Example: AdSy x S% x T°

. — 1)
Metric: (2 = 1753)

. . S0(2,1) _ SO(3)
bosonic coset space 1s So(1,1) * S0(2)

f = | exp(itos) exp(Eo1) | @ | exp(ivos) exp(i{oy)]
ds® = — dt® + cot?tde? — (2 — 1)(cosh & dt — cot ¢sinh € d€)?
+dig? + cot? pd(? + (72— 1)(cos C dip + cot i sin  dC)?



algebraic coordinates (x, y; p, q)

1/2

w ! x
t = arccos \/»xx2 — »~1y2, & = arccosh :
\/%:EQ — x—1y2
2

¢ = arccos \/#p? + »x~1¢2, ( = arccos
\/%pQ + 3~ 1¢g2

metric takes simple diagonal form

12 —dz? + dy? N dp? + dqg?
1 — 22?2 + 7 ty?2 1 — p? — 71¢?

Dilaton:
e bosonic A\-model

¢ ¢

sint sin @ N \/(1 — xx? + %—1y2)(1 — up? —

%—1q2)



e supergroup A-model
e? = e?B M | M=x—2"4+y"—p* — ¢ +2V1 — 2 ap

does not factorize due to fermion factor M

RR background
from A\-model action get same as in type IIB solution M* x T°
for above metric and full dilaton

F5 — %(F/\RGQ;; — F* /\ImQ3)
F = %an(x)dazm A dx™ 3 =dz; Ndze N dzs

effective action and eqs
S = /d4£€ /__g [6—2¢(R_|_ 4(v¢)2) _ %anan}
R + QVmVn¢ — 62¢(Fmpan — igmanlel) 3

N —



R+ 4V —4(Vo)? =0, Ve % =
8n(\/ —( an) =0 ] 8[an | = 0.

e there may be several solutions for ¢ and F’ for the same metric
[Lunin, Roiban, AT 14]
e solution for “bosonic” dilaton ¢g: [Sfetsos, Thompson 14]

AB:C\/l—%2pdy7 F:dABNdp/\dy, C:l%_1/2€_¢0

2

this “bosonic” solution may be related to alternative A-model

with only bosonic subgroup of supergroup F gauged
e solution for full dilaton ¢: [Borsato, Wulff, AT 2016]

A=cM™" |yde+ (V1—32p—x)dy]

e involves “non-factorized” M (x,y, p, q) part of dilaton
and thus /' = d A is more complicated



Scaling limit

(way) %’Yl(%y) ’ (p7Q) %VQ(Z%Q) 9 Y1, 72 — OO
generates scaling 1sometries in the metric
1 1
5 —%x2+%—1y2( T y)+_%p2_%—1q2( p*+dq°)

e supergroup A-model : in “asymmetric” limit with % — 0

and after p’ = = ﬁq2 ,q = IﬁqQ same as ‘“‘bosonic” solution
1 1
d82: —d$2—|—d2—|— d/2_|_d/2

e

e® = A =ce V11— 329 dy

\/(%:1:2 _ %_1y2)(—%p’2 . %—1q/2)

e limit 1s still type IIB solution and gives T-dual of n-model background

(with £ = 123¢) which solves only generalized type II eqs



Conclusions
e kappa-symmetry of GS string model — generalized eqs
— weaker than type II supergravity eqs
— generalise scale-1invariance eqs to GS superstring sigma model
— “extra” solutions exist only if there 1s an 1sometry and

are T-dual to type II sugra solutions with non-isometric dilaton
e integrable deformations of AdS, x 5":
provide examples of kappa-symmetric backgrounds
that may (A-model ) or may not (n-model ) be type II sugra solns
e relation between A-model and n-model :
— classically equivalent in the phase space description (PL dual)
— backgrounds related by a limit, analytic contn and T-duality

e full implications remain to be understood
e.g. origin of g-deformed symmetries, gauge dual, etc.






PSU(1,1]2)
AdSy x S* X T° 550556

[Berkovits,Bershadsky,Hauer,Zhukov,Zwiebach 99;Sorokin, AT, Wulff,Zarembo 11]

embedding to IIB string: D3-D3-D3-D3 [Klebanov, AT 96]

dp* 2\ 7 2 dr*
1 —7r%)d

F5 = QQ(AdSQ) A Re Qg(T6) + ok , Qg = le /\ dZ2 A dZS

ds* = —(1 4 p)dt* + . +dT®

effective 4d theory:
L=e¢"|R+4(0,9)°] — 1 EnF™ + ...
Bertotti-Robinson: AdSs x S? with ® = 0 and
Fy = V2(dp A dt + dr A dy)



Deformed AdS; x S? metric
deformed supercoset action leads to 4d metric

ds’ + dsg = : = (14 p)dt* + A |
A S 1 — 2p? 1+ p?
1 dr?
1 — r?)dp?
+1—i—%27“2[+( T)SO_FI—TQ}

® dS% = “sausage” model [Fateev, Onofri, Zamolodchikov 93]
deformation of S? stable under RG flow:

ds? = f(y)(d® +dy), G ~ R(f) ~ e O} f
ds? = — Q- +de = —L (1= r?)dp? + dr

cosh? y+s2 sinh? y 145272 1—r

]

e Full n-model background: M* x T° metric, F5, F5 # 0

V21 + K2
V1 —k2p2vV/1 + k272 7

JF3=krF [(—p+r)wr + (p + 'r)wz} , F Q3 = w; + iwy



1 — w2pr 1+ &2pr

Fi=F| dt A dp A w, — dt A dp A w;

5 1— 22 p A Wr 1— r2p2 p AW
1+ &2pr 1 — k2pr
————dp ANdr Nwr, + ————d /\dr/\w}
1+ k272 7 "1 4 k2r2 7 ’

e T-dual background is type IIB solution: [Hoare, AT 15]

g2 = _%Cﬁ? + 1= K2;Z2P)2(1 e + 1£F_Ri;“2 d3? + i szgj(l ey + dT©
Fs = \/5\/7’17:;321_77& [(altAJr % A Jlﬁ + krd®) A (wr + w;)
(07— 1) A (= + o) A (o — )]
¢ = ¢o — r(t + P) + log (1 _1’11102(11"‘_"‘3:2)

limit of A-model type IIB background (+ analytic cont)



