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Non-Linear Sigma Model formalism of T-duality

@ 2D CFT associated to string in D = 10 target space:

5= / &0 (G + Bonn) . X™0_X"

Assume U(1) isometry X™ = (6, X*), gauge it 01 — 01+ + AL, and add
Lagrange multiplier § € u(1) to enforce a flat connection: [Rocek, Verlinde '91]

+§/(6+A, —0_Ay)

Solving for A = A(9f,0X") = dual action with different target space:

S= /d%(@mn + Bmn) 03 Xm0_ X", X™=(0,X")

@ Transformation rules for dilaton and RR sector can also be derived:
Fo — Fpt1 (ITA +— IIB) [Hassan '99]
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@ 2D CFT associated to string in D = 10 target space:

5= / &0 (G + Bonn) . X™0_X"

Assume U(1) isometry X™ = (6, X*), gauge it 01 — 01+ + AL, and add
Lagrange multiplier § € u(1) to enforce a flat connection: [Rocek, Verlinde '91]

+é/(a+A, —0_Ay)

Solving for A = A(9f,0X") = dual action with different target space:

S= /d%(@mn + Bmn) 03 Xm0_ X", X™=(0,X")

@ Transformation rules for dilaton and RR sector can also be derived:
Fp — Fp:|:17 ij:3 (HA — IIB)[Sfetsos, Thompson'10]

[ NATD: SU(2)-isometry (S® in target space) and 3 Lagrange mult. € su(2).

[de la Ossa, Quevedo '92]

Jesiis Montero NATD and SCFTs 3 /16



Dealing with non-trivial worldsheets

ATD case: Cancel § A holonomies (arising from partial integration) for any
number of holes, making 6 periodic,

/d@/\déz(27r)2 — st AR @

NATD: Non-commutativity ruins the argument for non-spherical WS's,

/9" ((‘LA, —0_A, — [A+,A,])

o NATD not shown to be a full string theory symmetry.
e Lagrange multipliers € su(2) ~ R3:
compact 3 "7 non-compact R* x S2 locally

@ Interior space of finite volume required for consistent dual SCFT. How can we
implement a “cut-off"? Need extra information not provided by NATD!
[Lozano, Nufiez '16]
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NATD: Supersymmetric solution generating technique

New explicit solutions

e IIB NV =2 AdSs x S? from the unique Brandhuber-Oz AdSs x S*.
Motivated classifications by [Tomasiello et al. '14], [D’'Hoker et al. '16 & '17].

[Lozano, O Colgain, Rodriguez-Gémez, Sfetsos '12]

@ 11D NV =2 AdS, with magnetic G4
[Lozano, Macpherson, JM '15]

o 11D NV = (0,4) AdS; x §2

[Lozano, Macpherson, JM, Colgain '15]

Interest of new solutions. . .

@ Motivate new classifications.
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@ 11D NV = 2 AdS, with magnetic G4 1st explicit solution since the uplift from
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NATD: Supersymmetric solution generating technique

New explicit solutions

e IIB NV =2 AdSs x S? from the unique Brandhuber-Oz AdSs x S*.
Motivated classifications by [Tomasiello et al. '14], [D’'Hoker et al. '16 & '17].

[Lozano, O Colgain, Rodriguez-Gémez, Sfetsos '12]

@ 11D NV = 2 AdS, with magnetic G4 1st explicit solution since the uplift from

7D SUGRA of [Pernici, Sezgin '85]. [Lozano, Macpherson, JM '15]
e 11D N = (0,4) AdS; x S? with G4 flux beyond the Ansatz of
known class by [Kim et al. '07] [Lozano, Macpherson, JM, Colgain '15]

Interest of new solutions. . .

@ Motivate new classifications.
@ Identify them as explicit examples of existing supersymmetric classifications.

@ If outsiders, generalize the classification using Killing spinor techniques.
[Kelekei, Lozano, JM, Colgain, Park '16]
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Our purpose for this talk

[ltsios, Lozano, JM, Naifiez '17]

Propose a 4D A = 1 linear quiver gauge theory dual to the NATD of
Klebanov-Witten, assuming the following diagram,

N=2: AdSs x S°/Z — > NATD of AdSs x S°/Z,
mass mass
N=1: AdSs x TV —— _ NATD of AdS; x T4
_ 27 , 27
Motivated by: w=1 2L CNAAdSs x T2 2l
cnv= 32 CNAAdSsxS5/7, 32
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© N =1 (N)ATD of Klebanov-Witten as mass deformations
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N =1 Klebanov-Witten theory ('97)

SU(N) x SU(N) gauge group with bifundamental matter fields A;, Az and By, B,
transforming in the (N, N) and (N, N) representations of SU(N), respectively:

ALA,
OG-
B, B,
Theory living on N D3-branes at the tip of the conifold with base T1:!
@ AdS/CFT dual to AdSs x Tt!
ds?:: = A2ds?(S2) + \3ds?(S3) + N2(dep + cos 61 dg + cos B2 dpp)?

Fs = %(Vol(Adss) ~ LVol(TH))
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IIA Abelian T-dual of KW on St <« T11 5 §2 « §2

Electric Fg for D4-branes, magnetic B, along S? for NS5-branes and along S?
for NS5’-branes, dual to /' =1 theory. [Uranga '98], [Dasgupta, Mukhi '98]

HT:l

Hs:l

01|23 |4(5|6|]7|8|9
D4 X | x| x| x X
NS5 | x| x| x| x| x| x
NS5 | x | x | x| x X | X
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IIA Abelian T-dual of KW on St <« T11 5 §2 « §2

Electric Fg for D4-branes, magnetic B, along S? for NS5-branes and along S
for NS5’-branes, dual to A/ =1 theory. [Uranga '98], [Dasgupta, Mukhi '98]

Hs*l

@ NS5 || NS5”: N =2 AdSs x S°/Z,.
@ NS5 L NS5’: N/ =1 Klebanov-Witten.
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IIA NATD of KW on S3 < T — S2- brane content

@ Electric components for Fg, Fg suggest D4, D6 branes.
o Large gauge transformations are introduced to keep ;35— f>:2 B, € [0,1]

p € [p,,,p,,+1) : BQ — 82 — n7T'O/VO|(ZQ) J

@ In the presence of By, Page charges are quantized (and get shifted by LGTs):

1 2 L4
Ne= —0— | Fpe =
© T 2K2, Ts /512 27 27 g2a”

1

N4:7/ Fs — F> ABs)=nNg
2“%0 T4 512><52( )

1 nm 1 mT
Nyss = 7/ dp Hs =n ) Nyss: = 7/ dﬂ H3 =m
° 2,‘6%0 TN55 s2 Jo 25%0 TNSS sz Jo

o Two different 2-cycles allow for two different sets of LGTs, but only those
around 52 shift the colour D4-charge.
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S3 < TH1 — S2: Brane set-up

@ D4-brane charge created each time an NS5-brane (not NS5) is crossed.

e N =1 and N = 2 vector multiplets connected by bifundamentals.

[Itsios, Nuafiez, Sfetsos, Thompson '13]

[itsios, Lozano, JM, Nufiez '17]

r=n

@ Realizes a 4d N =1 linear quiver gauge theory generalizing [Bah, Bobev '13].

@ A priori infinite brane set-up and quiver!

Jesiis Montero

NATD and SCFTs

11 / 16



NATD on S3 < T4 — S2: Brane set-up

Itsios, Naiez, Sfetsos, Thompson '13

[ltsios, Lozano, JM, Naiiez '17]

@ Propose a “regularised quiver”: Choose finite n for cut-off by means of

flavours. NATD solution should arise for p << peys-oft-

TLN6

@ For a hard cut-off, regularized quiver has vanishing scaling dimensions.
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NATD on S3 < T4 — S2: Brane set-up

@ Propose a “regularised quiver”: Choose finite n for cut-off by means of

Itsios, Naiez, Sfetsos, Thompson '13

[ltsios, Lozano, JM, Naiiez '17]

r

=n

flavours. NATD solution should arise for p << peys-oft-

@ For a hard cut-off, regularized quiver has vanishing scaling dimensions.

@ Try brane re-ordering? Require Seiberg self-duality and the vanishing of the

beta functions and R-symmetry anomalies.

Jesiis Montero
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4D N =1 strongly coupled field theory proposal

s=1
I

@ Only N =1 vectors: alternating “r” hypers (NS5) and “s" hypers (NS5’).
@ Quiver completed at finite n with flavors: semi-infinite D4s or transversal D6s.

@ Same anomalous dimensions as KW. Scaling dimensions compatible with
quartic superpotential.

o Central charges consistent with mass-triggered RG flow from a version of the
[Lozano, Nafiez '16] N = 2 theory dual to the NATD of AdSs x S°/Z,.
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The mass deformation for the N' = 2 AdSs x S°/Z, theory

mass deformation

Jesiis Montero NATD and SCFTs 13 / 16



Central charges for the N/ =2 and N =1 theories

Exact central charges obtained with a-maximization:
[Anselmi, Freedman, Grisaru, Johansen '97], [Intriligator, Wecht '03]

_ !

_ 2 3
a=3 B3TrR—TrR.), =3

(9Tr R®—5TrR,) (RE:R0+%6]-">
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Central charges for the N/ =2 and N =1 theories

Exact central charges obtained with a-maximization:
[Anselmi, Freedman, Grisaru, Johansen '97], [Intriligator, Wecht '03]

_ !

_ 2 3
a=3 B3TrR—TrR.), =3

(OTr RP=5TrR) (R =Ro+1eF)

Tachikawa-Wecht: 4D A =1 IR from mass-deformed A/ = 2 UV

9 1
anN=1= 372(4 an=2 — Cv=2), CA—1 = 3—2( —12ay—2 + 39 cn—2)
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Central charges for the N/ =2 and N =1 theories

Exact central charges obtained with a-maximization:
[Anselmi, Freedman, Grisaru, Johansen '97], [Intriligator, Wecht '03]

fi 3 7i 8 _ f
a= 5 BTR-TrR), c=5(OTR-5TrR) (RE_R0+26]:>

Tachikawa-Wecht: 4D A =1 IR from mass-deformed A/ = 2 UV

1
4ay— — cn=2), CA=1 3—2( —12ay—2 + 39 cn—2)

:> EAEH holographically (large n)!
CN=2

9
av=1= 35

AdS/CFT regime: large n (long quiver) limit

~ ~ 1 SN2 ~
AN=2 ~ CN=2 =~ 6 n- Ng ~ [CNATDAdsssz/sz

~ ~ 9 3 N2 ~
anN=1~ CN=1 64 n~ Ng = [ CNATD AdSs x T*1
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Outline

© Conclusions
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Non-Abelian T-duality

@ It can be used to generate new solutions of type IT SUGRA and
motivate/probe/challenge supersymmetric classifications.

o AdS/CFT: regularised quiver <— completed geometry. New CFTs arise:
D3 — (D4,NS5,NS5') (D2,D6) — (D3,D5,NS5)

o NATD SUGRA solution as a local realization of the completed geometry.

Open problems

Q@ NATD KW: Completion of the gravity solution requires backreacted D6
flavour branes. [Bah "13], [Tomasiello et al. '15 & '17]
Q IIA AdSe¢ x S* (D4,D8) — TIB AdSe x S? (D5,NS5,D7) (ongoing work)
o Possible 5d fixed point of (p, g) 5- and 7-branes webs.
o Extension of the IIB AdSs x S? class by [D’Hoker et al. '16 & "17]?
o Varying axio-dilaton: AdSg x S2 x CY> F-theory origin?
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Non-Abelian T-duality

@ It can be used to generate new solutions of type IT SUGRA and
motivate/probe/challenge supersymmetric classifications.

o AdS/CFT: regularised quiver <— completed geometry. New CFTs arise:
D3 — (D4,NS5,NS5') (D2,D6) — (D3,D5,NS5)

o NATD SUGRA solution as a local realization of the completed geometry.

Open problems

Q@ NATD KW: Completion of the gravity solution requires backreacted D6
flavour branes. [Bah "13], [Tomasiello et al. '15 & '17]
Q IIA AdSe¢ x S* (D4,D8) — TIB AdSe x S? (D5,NS5,D7) (ongoing work)
o Possible 5d fixed point of (p, g) 5- and 7-branes webs.
o Extension of the IIB AdSs x S? class by [D’Hoker et al. '16 & "17]?
o Varying axio-dilaton: AdSg x S2 x CY> F-theory origin?

Thank you for your attention!
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IIA Abelian T-dual of AdSs x S°

AdSs x S° solution  (S° as S* x S3 over an interval)

ds® = dsjys, + 4L° (da2 +sin” d52)
+ L2 cos® a (d@2 +sin? 0 d¢? + (dv) + cos 0 d¢)2)

Fs = %(1 + %10) Vol(AdSs) = (1 + %10)8L* sin @ cos® o da A d3 A Vol(S?)

a€0,7/2], B,¢€]0,2n], 6 €[0,7], ¢ €[0,4n]
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IIA Abelian T-dual of AdSs x S°

AdSs x S° solution  (S° as S* x S3 over an interval)

ds® = dsjys, + 4L° (da2 +sin” dﬁ2)
+ L2 cos® a (dO2 +sin? 0 d¢? + (dv) + cos 0 d¢5)2>

Fs = %(1 + %10) Vol(AdSs) = (1 + %10)8L* sin @ cos® o da A d3 A Vol(S?)

a€0,7/2], B,¢€]0,2n], 6 €[0,7], ¢ €[0,4n]
Abelian T-dual on S! — S3 — §2

dy?

a2 2 2 g2 | o2 2 2 .2 2(c2
ds® = dspys, +4L (doz +sin“adpj ) 4 L2cos2a+L cos” v ds“(57)
By = cosfdp Adyp ~ 1 Vol(S?), e 2% = [%cos’

Fy = 8L*sin a cos® a da A dB A Vol(S?)
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IIA Abelian T-dual of AdSs x S°

AdSs x S° solution  (S° as S* x S3 over an interval)

ds® = dsjys, + 4L° (da2 +sin” dﬁ2)
+ L2 cos® a (dO2 +sin? 0 d¢? + (dv) + cos 0 d¢5)2>

Fs = %(1 + %10) Vol(AdSs) = (1 + %10)8L* sin @ cos® o da A d3 A Vol(S?)

a€0,7/2], B,¢€]0,2n], 6 €[0,7], ¢ €[0,4n]
Abelian T-dual on S! — S3 — §2

dy?

a2 2 2 g2 | o2 2 2 .2 2(c2
ds® = dspys, +4L (doz +sin“adpj ) 4 L2cos2a+L cos” v ds“(57)
By = cosfdp Adyp ~ 1 Vol(S?), e 2% = [%cos’

Fy = 8L*sin a cos® a da A dB A Vol(S?)

e The S! survives the duality: ¢ € [0, 4] goes to [0, 7].
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IIA Abelian T-dual of AdSs x S°

Abelian T-dual on S! — §3 — §2

2
d$? = dspgs, + 4L° (da2 +sin” dﬁz) 4 LQCCJO% + L2 cos® a ds?(S?)
B, =cosfdp Ady ~ 1 Vol(5?), e 2® = 2 cos® o

F, = 8L*sin a cos® a da A dB A Vol(S?)

@ Shrinking S3 at v = /2 gives rise to singularity: localized NS5-branes,

1 Uy
Nygs = — / / Hy =1
Nss 263, Tnss Js2 Jo ’

o Electric Fg sourced by D4-branes,

1
Ny = 7/ Fa
2“%0 T4 (a,8)xS?
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IIA Abelian T-dual of AdSs x S°

Abelian T-dual on St — S3 — §2

A . dip?
d8% = ds}as, +4L% (da? +sin®a df?) + Do+ L2cos?ads’($?)
By = cosOdp Adip ~ 1 Vol(5?), e 2% = [2cos’ o

Fy = 8L*sin a cos® a da A dB A Vol(S?)

e Orbifolding S°/Z,: take ¢ € [0, nm] in the ATD.

@ The number N, of D4-branes remains invariant, but

1 nm
s [ [
263, Tss Js2 Jo

@ For n =2, we get N, D4-branes between two NS5-branes, giving rise to a
4d N = 2 theory. [Alishahiha, 0z'99]
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lIA Abelian T-dual of AdSs x S°/Z,

o N, D4-branes between two NS5-branes, dual to 4d A/ = 2 theory.
[Alishahiha, 0z'99]

r=1

Hr:l N4
H7'=2
0 213|456 |7|8]|9

D4 X | x| x| x X

NS5 | x | x| x| x| x| x
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IIA non-Abelian T-dual of AdSs x S°

[Sfetsos, Thompson '10] [Lozano, Niifiez '16]

AdSs x S° solution  (S® as S! x S® over an interval)

ds® = dspys, + 4L (da2 +sin’a dﬁ2) + L2 cos® a ds?(S?)

2
Fs = Z(1 + %10) Vol(AdSs) = (1 + %10)8L* sin @ cos® adar A d3 A Vol(S?)

a€0,7/2], B, €]0,2x], 6 €0,7], ¢ €[0,4n]

NATD of AdSs x S°

_ dp? L2 cos? a p?
2 g2 2( 4 2 2 2 2(c2
ds® = dspys, + 4L (da +sin®adf ) T P a p?+ L4 Cog,2ad5 (5?)

3
B, = MWVOI(SZ), e 2% = [%cos® a (L* cos* o + p?)

Fy =8L*sina cos’ adaAdB, Fi=FAB;

e Shrinking 5% at a = 7 gives rise to a singularity (NS5-branes) in the NATD.
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Large gauge transformations and Page charges

e Tip of a cone with S? boundary: non-vanishing holonomies of B,

1
4n2

bo(p) = /82 = |b| €10,1]

Large gauge transformations

bo(p=nm)=n B, — B, — n7Vol(S?)

pE [nw, (n+ 1)7‘(‘)

o Number of branes (Page charges) shifted under LGTs:

1 1
Nﬁzi/ FQ, N4:7/ F4—F2/\BQZI7N6
2/{%0 T6 (a,ﬁ) 2/1%0 T4 (a,g)xs(z )

1 nm
N S5 = 7/ / H =n
Nes 2635 Tnss Js2 Jo ’
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NATD of AdSs x S°: brane picture

n Ng
3 Ng

1Ng 2 Ng

TT TTT

—_—

p

@ Infinite set-up of Ny = n Ng D4-branes stacks between NS5-branes.

0123 |4|5|6|7|8|9

D4 | x| x| x| x X

NS5 | x | x | x| x| x| x
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NATD of AdSs x S°: brane picture

n Ng
3 Ng

1Ng 2 Ng

_— >

p

o Dual to a 4d AV = 2 theory in a strongly coupled fixed point.

@ A priori infinite brane set-up and quiver!
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Regularised field theory for the NATD of AdSs x S°

(n—1)Ng nNe

1Ng 2 Ng

I

e

p

@ Propose a “regularised quiver”: Choose finite n for cut-off by means of

flavours:
----- -

@ NATD solution should arise for p << peut-oft-

(=]
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Regularised field theory for the NATD of AdSs x S°

[Lozano, Nufiez '16]

o Simplest consistent regularised linear quiver given by

-----

o Field theoretical central charge consistent with holographical counterpart
(0,n)
CNATD AdSs x S5

computed up to the cut-off n = Ns:
1 1
=2 = 15(2ny + np) = En3N62 +0(n%)

@ Embedding in the 4d N' = 2 Gaiotto-Maldacena class as a superposition of
Maldacena-Nufiez solutions provides all the information required to construct
the regular, completed gravity background.

o Singular NATD gravity solution would arise as a local realization of the
completed background.
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NATD on S3 «— T11 — S2: ||A NS-NS sector

[IA NS-NS sector (rescaling p — (LTZ, p)

2

L
48 = dslys, -+ L°X](d0} +sin® f1de}) + 5 [\t (cosx dp = psinx dx)’

+ A2X2(siny dp + peosy dx)’ + A2A2 p?sin? x (d€ + cosfyden)” + p2dp2]

L2 2 F
B, = %[(AQ —A%)sian d¢ENdp+2Pp df/\dx}
L2)\2 cos @ :
_ Tl [(A‘{ + p*) cos xdp A dgpy — A7 psinx dx A d¢1] ;
A L6
e 2% = gz—jy Q = N2A\T + p?(\? cos? x + Aisin” x)

@ Solution originally derived in [Itsios, Nifiez, Sfetsos, Thompson '12].

@ Regular solution with uncompact “inner” space.
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NATD on S3 <« T11 — S2: ||A brane content

o Electric components for Fg, Fg suggest D4, D6 branes.

@ In the presence of By, Page charges and LGTs must be considered,

p € [p,,,p,,+1) o 82 — B2 — n7TO[/VO|(ZQ) J

o Two different 2-cycles allow for two different sets of LGTs:

N1 / 2
© T 2k, Tpe Js: © 21gZa?’

1
N4:7/ F4—F2/\82 :nN6
2k Tpa 512><(X7§)( )
1 p"d
NN55:7/ PH3 =n
2630 Tss J(y.e) Jo

1 m
Nysy = —5—— dpH; =
NS5 21%%07'/\/55 /512/0 pH3=m

@ As in the N/ = 2 case, we want to recover ATD in the large p limit.
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Brane set-up of the NATD of KW

@ D4-brane charge created each time an NS5-brane (not NS5) is crossed.

27 / 16
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Abelian vs. non-Abelian

Abelian T-duality (U(1) isometry)

@ Duals keep the U(1) isometry. Invertible transformation (two T-dualities in a
row give back original background).

o T-duality is a symmetry of full (perturbative) string theory.

9elo,2r] — 6elo,27]

Non-Abelian T-duality (e.g. SU(2) isometry)

@ SU(2) isometry no longer appears in the metric. Non-invertible
transformation: cannot dualise twice to recover the original background.

@ Only proven to be a symmetry at tree level (SUGRA).

gcSUR) — {vi,v,v3} €R® (non-compact!)
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Spinors and RR sector transforming under NATD

o Left and right movers transform differently under T-duality:
9L X™ = (M) M oL X"

@ [Hassan '99] Covariance of the dual background under the associated Lorentz
transformation A = M;lM,, with spinor representation:

Q7IreaQ = A3 rb
o Killing spinor € = (€1, €2)" with €1, e, Majorana-Weyl spinors:

@1 — €1, @2 = 9.62

@ Rotation of the spinors reduces structure group of the interior space,
e.g. Gy to SU(3), or SU(3) to SU(2).
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Spinors and RR sector transforming under NATD

@ SUSY preservation if Kosmann spinorial Lie derivative vanishes along the
isometries on which we dualise:

1
Lie=kiDye+ g(dK)a,,rab e=0

This usually imposes additional constraints on the Killing spinors: not to
depend on dualization directions = reduced supersymmetry!

NATD typically reduces G-structure, even if SUSY is partially broken! J

@ [Sfetsos, Thompson '10] Transformation rule for RR fields using flux polyform
F =3, Fn (neven/odd for IIA/IIB) rewritten as bispinor:

_ 1,0 1 prepig — 1@
P =35€ 3y iaFu. . TH = e F
— [P=pPQ!
p _ 1.0 1p p1opg — Lo
P =3e"> ) iiFuup TH e = ze F
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Brane contents for the NATD solution

Branes of the original background either ...
@ do not wrap the dualised S3:
b Dy,i1  also extended along p
P D,i3  also extended along p x s?
@ or do wrap the dualised S3 directions:
{Dp_l still wrapping the remaining S2
D, —

D,_3 not wrapping any of the dual directions

@ Usual pattern:
NATD(AdS,+1) <+— Dp—D(p+2)—NS5
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U(1) Hopf fiber T-dual is related to the SU(2) non-Abelian T-dual as

ds? ds?
82 B2
lim | e° — pe ®
p—00
e®F e®F
€12 / naTD €1,2 ATD
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