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Motivation:

¥ 5d bxed point theories arise in the inbnite bare coupling li
of N=1 SUSY gauge theories with very specibc gauge gr
and matter content (Seiberg096:; Intriligator, Morrison, Seibergd®97)
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Motivation:

¥ 5d bxed point theories arise in the inbnite bare coupling li
of N=1 SUSY gauge theories with very specibc gauge gr
and matter content (Seiberg096:; Intriligator, Morrison, Seibergd®97)

¥ Sp(N) with specibPc matter content arises on D-brane prob

' Dual AdSs background as the near horizon geometry
(Brandhuber, 0z099)

¥ Gravity dual description particularly useful since these
theories are intrinsically strongly coupled

¥ String theory realization unknown in most cases

¥ Search forddSs backgrounds:Brandhuber and OzOs quite
unigue (Passias012)
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In this talk:
¥New AdSs solution throughnon-Abelian T-duality

(Y.L., O Colgain, Rodriguez-Gomez, Sfetsos, PRL (2013))

¥Hints on the associated dual CFT
(Y.L., O Colgain, Rodriguez-Gomez, arXiv:1311.4842)
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Non-Abelian T-duality in AdS/CFT

¥In 4 dim: (Sfetsos & Thompsond10)

AdS: ! S°

AdS:! TN

NATD
e —— AdSs! Ho! My (H2—>SQ)

ff'g.trao (Galotto & Maldacena geometries
| for N=2 SCFTSs)

NATD
— > AdSs! Hy! Mgy (H, — S?)

fflgitrao (Sicilian quivers (N=1 SCFTs)
(Benini, Tachikawa, Wechj)

NATD

Klebanov & Strassler— New geometries in massive IIA

ConbPning quarks, domain walls,
Seiberg duality,...

(Itsios, Nu—ez, Sfetsos & ThompsonO13)
(Nu—ez & colab013,14)
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¥In 5 dim: (Y.L., O Colgain, Rodriguez-Gomez, SfetsosO12;
Y.L., O Colgain, Rodriguez-Gomez013)

NATD
AdSg! S* — > New AdSg geometry in |IB

Dual CFT quiver with two nodes
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Outline

1. 5d bxed point theories
2. The D4-D8 system

3. Non-Abelian T-duality back in the 900s

4. Non-Abelian T-duality as a solution generating technigue
5.The non-Abelian T-dual of Brandhuber & Oz

6. Hints on the 5d dual CFT

/. Conclusions and open issues
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1. 5d bxed point theories

5d gauge theories are non-renormalizable:
g°l=M"*+ g’E ' UV completion
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1. 5d bxed point theories

5d gauge theories are non-renormalizable:
g°l=M"*+ g’E ' UV completion

In string theory they arise on D4-brane probes:

¥5d SYM with maximal SUSY debned in the UV in terms
the (2,0) 6d theory.

In fact equivalen'(DougIasf)lO; Lambert, Papageorgakis, Schmidt-Sommerf

¥5d SYM with minimal SUSY can be at bxed points for sp
gauge groups and matter contewhere they can
exhibit interesting phenomena such as exceptional globa
symmetry groups (SeibergO96; Intriligator, Morrison, SeibergO97)
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¥5d bxed point theories are intrinsically strongly coupled
¥ The string theory realization is only known for very
specibc cases

' Search for new realizations by scanning over the possibl
AdSg vacua in SUGRA
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¥5d bxed point theories are intrinsically strongly coupled

¥ The string theory realization is only known for very
specibc cases

' Search for new realizations by scanning over the possibl
AdSg vacua in SUGRA

PassiasO1% Unique SUSY solution in massive IIA:
Near horizon of the D-brane system giving rise
to Sp(N ) with speciPc matter content
(Brandhuber, 0zOJ9)

¥ Non-existence oAdSe solutions in other SUGRA
not completely excluded, but strongly suggested

* And orbifolds thereof(Bergman, Rodr'guez-G—mez012)
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2.The D4-D8 system

5d SUSY bxed points witay ;1 global symmetry can be
obtained In the inPnite bare coupling limit of N=1 SYM
with gauge group Sp(N), one antisymmetric hypermultiplet

and N; < 8 fundamental hypermultiplet&seibergO96)
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2.The D4-D8 system

5d SUSY Pxed points witky ,+, global symmetry can be
obtained In the inPnite bare coupling limit of N=1 SYM

with gauge grou
and Ny <8 funo

amental hypermulti

The theory can

De engineered In Ty

0 Sp(N), one antisymmetric hypermultiplet

nletsseibergO96)

ne 10 ST on a stack of

N D4-branes probing @8~ plane withN; D8-branes
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2.The D4-D8 system

5d SUSY bxed points witay ;1 global symmetry can be
obtained In the inPnite bare coupling limit of N=1 SYM
with gauge group Sp(N), one antisymmetric hypermultiplet

and Nt < 8 fundamental hypermultipletsseibergO96)

The theory can be engineered in Type 10 ST on a stack of
N D4-branes probing @8~ plane withN; D8-branes

From the D4-D4 sector:
Vector multiplet with Sp(N) gauge symmetry
Massless hyper in the antisym. of Sp(N)

From the D4-D8 sector:

Massless hypers in the fundamental of
SO(2N¢)
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A D4-brane probe in the D8-0O8 background metric
(Brandhuber, 0z099; Ferrara, Kehagias, Partouche, ZaffaroniO98)

ds? = Hy 2(0 dt? + dx? + aa4 dx2) + H. *dz?
| 8
yAR z! z Z+ Z
Hg(z) = c+ 16— ! 2!zl 2+ 7]
s i=1 s i=1 s

(zi : locations of the 16 D8-brangs

has a gauge coupling 1 _Hs

9?2 s
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A D4-brane probe in the D8-0O8 background metric
(Brandhuber, 0z099; Ferrara, Kehagias, Partouche, ZaffaroniO98)

ds? = Hy 2(0 dt? + dx? + aa4 dx2) + H. *dz?
| 8 | 8
yAR z! z - Z+ Z
Hg(z) = c+ 16— ! 2!zl 2+ 7]
s i=1 s i=1 s

(zi : locations of the 16 D8-brangs

has a gauge coupling 1 _Hs

? s
In the beld theory limit(ls! 0 + gauge coupling Pxed):

= 5 mustbe constant: Region neaz =0 (location
’ of the 08 plane)
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This reproduces the effective gauge coupling of the 5d Sp(
gauge theorywith 16 fundamental hypers with masses
and one massless antisym. hypermultipg$etbergO96)
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This reproduces the effective gauge coupling of the 5d Sp(
gauge theorywith 16 fundamental hypers with masses
and one massless antisym. hypermultipg$etbergO96)

TakingN; massless hypermultiplets:

11 ™ N
—= 5 +16¢— |o—my|—  [p+ my
J et i=1 i=1
one gets: L 61 o
— = — ! f)
9% 93
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1 1 : :
2 + (16! 2N;)!  implies that:

- For N; > 8, ¢° becomes negative at some point in the
moduli space:  Sick theory
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= — + (16! 2N;)!  implies that:

- For N; > 8, ¢° becomes negative at some point in the
moduli space  Sick theory

- For N; < 8 there are no singularities
' |f da — oo there can be ascale invariant Pxed point
at the origin of the Coulomb branch

Here the global symmetry of the theorgu(2) ! SO@2N;)! U(1),
IS enhanced tasU(2) ! Ey, +1 due to instantons (DO-branes)
becoming massless

The Peld theory calculation can be generalized to other ga
groups and matter contentintriligator, Morrison, Seibergd9fVhich
lack however an AdS/CFT description
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The near horizon geometry of the D4-D8 system is a
bpration ofAdSs over halfs* with ans® boundary at the
position of the O8-plangpreserving 16 SUSYs

WZ L2!
4<? = ; 9ds?(AdSg) + 4 ds?(S%) 11 [0, =]
05
F4=5L*W'?sin®! d AVoI(S®) 81 N
I Ny
. 3L 1 1 m =
e ! = W =(m cos!) 5 2 s

2W> "’

martes 5 de agosto de 2014



The near horizon geometry of the D4-D8 system is a
bpration ofAdSs over halfs* with ans® boundary at the
position of the O8-plangpreserving 16 SUSYs

W2L2!
ds’ = ==~ 9ds*(AdSs) + 4 ds(S") 1[0, 5]
0, 5
F4=5L*W'?sin®! d AVoI(S®) 81 N
I Ny
1 3L _ |5 m=
' = s W =(m cos!) s 2! g

¥SO(5) symmetry broken toSO(4) ! SU(2) " SU(2) :
SU(2)! SU@2)r R-symmetry of the bPeld theory
SU(@)! global symmetry massless antisym. hyper
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The near horizon geometry of the D4-D8 system is a
bpration ofAdSs over halfs* with ans® boundary at the
position of the O8-plangpreserving 16 SUSYs

W2L2!
ds’ = ==~ 9ds*(AdSs) + 4 ds(S") 1[0, 5]
0, 5
F4=5L*W'?sin®! d AVoI(S®) 81 N
I Ny
1 3L _ |5 m=
' = s W =(m cos!) s 2! g

¥SO(5) symmetry broken toSO(4) ! SU(2) " SU(2) :
SU(2)! SU@2)r R-symmetry of the bPeld theory
SU(@)! global symmetry massless antisym. hyper

¥S0(2,5)! Conformal symmetry
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PassiasOJAnalyzed the constraints imposed by SUSY on the
geometry and Ruxes @fdSs! M, warped backgrounds in

massive [IA— Brandhuber & Oz only possible background
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PassiasOJAnalyzed the constraints imposed by SUSY on the
geometry and Ruxes @fdSs! M, warped backgrounds in
massive l|A— Brandhuber & Oz only possible background

Non- existence ofAdSg solutions in other SUGRAS not
completely excluded, but strongly suggested

We will see: NewAdSs solution in Type [IB through
non-Abelian T-duality

* Also through Abelian T-duality, describing the same bxed point theory
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3. Non-Abelian T-duality back in the 900s

Rocek and VerlindeOs formulation of Abelian T-dualitg T
in a curved backgrounduscher0sg)

S= 1 (gu! dX® 1" dX' + By dX*H! dx!)+ %/R(Z)gb

4o T

In the presence of aAbelian isometry I X#* ="k"/
Lkg:O , LB = dw , ikdgb:O

1) Go to adapted coordinatesx* = {6, X'} such that
o! 0+ ¢ and !, (backgrounds) = 0
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) Gauge the isometry:.d! — D! = d! + A
A non-dynamical gauge peld A= d"

i) Add a Lagrange multiplier ternag:dA , such that

~

DI''! dA=0" A exact
(in a topologically trivial worldsheet)

+ Px the gaugeA =0 ' Original theory

IV) Integrate the gauge Peld
+ Px the gauge! =0 ! Dual sigma model:

{1, X} = {r"X?} and
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_ 1. _ Bo . _ ~ Qot go© —Bor Bor
500 doo s Joo d J Joo
By = . g, =g, | ¥ Bo: ! o Bo
Joo Joo
=1 —loggoo BuscherOs formulae
- Conformally invariant
- Involutive transformation: S —— S

- Arbitrary worldsheets{symmetry of string perturbation
theory):

(a (b)
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= Non-trivial topologies + compact isometry orbits

Large gauge transformations: d! =2"n; n! Z
Y

To bx them:

Multivalued Lagrange multiplie7§ dF=2"m; meZz
such that v

[exact] - dA =0 + / [harmonic]! A exact

' The gauging procedure works for all genera
(Rocek, VerlindeO91)
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Non-Abelian T-duality

(De la Ossa, QuevedoO93)

Non-Abelian continuous isometry: X™ 1t g"X",g" G

) Gauge it: dX" ! DX™ =dxX" + A" X"
A € Lie algebra ofG Al g(A+ dgt

) Add a Lagrange multiplier termTr(! F)
F=dA! A" A
't LieAlgebraofG, !! d'g

~! such that

/D! I F=0" A exact
(in a topologically trivial worldsheet)

+ Px the gauge:A =0 ' Original theory
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i) Integrate the gauge beld + Px the gaugeDual theory
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i) Integrate the gauge beld + Px the gaugeDual theory

Example: Principal chiral model with group SU(2):

Geometrically:s®

L =Tr(g *dgA =g 'dg); ge SU(2)

Invariant under:
g— hlghz; hl,hz & SU(Z)

Choose: g! hg; h" SU(2)

1 . .
| ! P d e gd

Invariant under x! hxh''; h" SU(2)
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¥ Non-involutive

¥ Higher genus generalization? Setto zeto = P e 4
¥ Global properties?
| 1 R®: Global completion ofR® ?

¥ Conformal invariance not proved in general
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¥ Non-involutive

¥ Higher genus generalization? Setto zeto = P e 4
¥ Global properties?
| 1 R®: Global completion ofR® ?

¥ Conformal invariance not proved in general

True symmetry in String Theory?

Still, interesting as a solution generating technique
(Sfetsos, ThompsonO10)
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4. Non-Abelian T-duality as a solution generating
technique:

Need to know how the RR Pbelds transform

In the Abelian caseReduce to a unique N=2, d=9 SUGRA
(Bergshoeff, Hull, OrtnO95)

HassanO99mplement the relative twist between left and right
movers Iin the bispinor formed by the RR Pelds:

P=pr't  p=

W|th I = g!ool" 11"0

Same thing in the non-Abelian cag®etsos, Thompson10)

martes 5 de agosto de 2014



Interesting new solutions have been found with CFT duals

But what if NATD Is not a symmetry of ST?

Some of the properties of the CFT may no longer hold after
adding corrections on the inverse Ot Hooft coupling or 1/N
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5.The non-Abelian T-dual of Brandhuber and O
¥Take theAdSs ! S* background

W2L2! uR
ds® = 1 9ds?(AdSg) +4 d!? +sin?!

F.=5L*W' 2sin®! d!I A VoI(S®)
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5.The non-Abelian T-dual of Brandhuber and Oz
¥Take theAdSs ! S* background

W2L2! uR
ds® = 1 9ds?(AdSg) +4 d!? +sin?!

F,=5L*W' 2sin®! d! A Vol(S®)

¥Dualize it w.r.t. one of th&sU(2) symmetries
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5.The non-Abelian T-dual of Brandhuber and Oz
¥Take theAdSs ! S* background

W2L2! uR
ds® = 1 9ds?(AdSg) +4 d!? +sin?!

F,=5L*W' 2sin®! d! A Vol(S®)

¥Dualize it w.r.t. one of th&sU(2) symmetries

In spherical coordinates adapted to the remaingig2):

W2L2! B 7“262A

ds* = —— 9ds*(AdSe)+4 d!* + e Ndr®+ s ds*(S57)
r’ 3L i

By = - €4AVO|(52) e = e et r2+ etA
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Mt solves the IIB equations of motion
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Mt solves the IIB equations of motion

¥SUSY preservedlirst example of a non-Abelian T-dual
geometry with supersymmetry fully preserved

This is because the internal symmetry is resliy2)! SU(2)r
and we dualize on theu (2) global symmetry
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and we dualize on theu(2) global symmetry

¥Boundary at = > inherited.
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Mt solves the IIB equations of motion

¥SUSY preservedlirst example of a non-Abelian T-dual
geometry with supersymmetry fully preserved

This Is because the internal symmetry is rea@ily(2)! SU(2)r
and we dualize on theu (2) global symmetry

¥Boundary at! = 5 inherited.
¥Nhat aboutr ?

M3ackground perfectly smooth for all
M\o global properties inferred from the non-Abelian transf.

¥YAssume ! [0,R] (to avoid a continuous spectrum of
[Ructuations), and try to infer global properties by
demanding consistency to the dual background
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6. Hints on the 5d dual CFT

1) Quantization of charges:

! NI
D4/D5 (N}) DS/D7 (N})

\ D7 (N3) \ D5 (Nj)
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6. Hints on the 5d dual CFT

1) Quantization of charges:

! N’

. D7 (N7) N\ D5 (NI)

N; andN. depend on the large gauge transB of

2 _
rZJ[e“A_n! Vol(S?) / b:L B,! |0,1]

412 o
(which seems, on the other hand, to undergo something
reminiscent of the cascade in KS), in such a way that
they cannot be integers for alt,!) unlessn =0

Bzz
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6. Hints on the 5d dual CFT

1) Quantization of charges:

! N/t
D4/ D5 (Nj5) D8/ D7 (N7)

. D7 (N7) N\ D5 (NI)

N; andN. depend on the large gauge transB of

o
—n! Vol(S?) / b= . B,! [0,1]

r3
r2+ et
(which seems, on the other hand, to undergo something

reminiscent of the cascade in KS), in such a way that
they cannot be integers for dlf,!) unlessn =0

Bzz

This bxes the maximum value ofto » =
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1) Probe the Coulomb branch:
2 directions! BPS D5 and D7 branes
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1) Probe the Coulomb branch:

2 directionst BPS D5 and D7 branes
Fluctuations of these branes:

1 1 gL 2m' V3N!
D5 SDB| — Z—FEV , T: 7,0
9ps OB 5 12873
5y3 . N
SSdCS:(W) Is F A!'FIEF=" ! Al FI F

6 24 712
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1) Probe the Coulomb branch:

2 directionst BPS D5 and D7 branes
Fluctuations of these branes:

1 1 9L2 m! 1/3Nr
D5: Spgl = Z—Fllzl/ ; —— = 7 P
gD5 gD5 1287'('3
_ (2n)° N

Al FIF

Ssqcg = 5 Is F AI'FIFEF=" DA

Consistently, we should Pnd a wrapped brane with a
tadpole given by the CS coefbcient:

D1-brane wrapped on Scs =! N7 Ay
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1) Probe the Coulomb branch:

2 directionst BPS D5 and D7 branes

Fluctuations of these branes:

1 1 9L2 m! 1/3Nr
D5: Spgl = 2—F|121/ ; —— = 3 7 P
gD5 gD5 1287T

od \
S5dcgz(g) Ts F, AIFlF="_1

iz ALFLF
-

Consistently, we should Pnd a wrapped brane with a
tadpole given by the CS coefbcient:

D1-brane wrapped on Scs =! N7 Ay

D7: Same withN, ! N., D1 ! D3 wrapped ons?
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) Baryon-like operators:

Dual to branes wrapped on the internal geometry with a
tadpole proportional to the rank of the gauge group

n the D4-D8 background: D4-brane with N charge,
orojected out by the orbifold

n the non-Abelian dual: D1-brane with charge
nlus D3-brane (wrapped o1$?) with N charge

Projected out by the dual orbifold

In any case they inform about the ranks of the dual gaug
groups
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Iv) Putting It all together:

We seem to have two gauge groups with rarks, Ng
and Ravor symmetrieN; ,N/

I F>

7, ) €

1

2

N5 actually zero, such that the background is globally
well dePned

Manifestation in the CFT of a perfectly regular
background terminating at a point?
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/. Conclusions and open Issues

¥Could a clear prescription for global properties lead to a
regular background for arbitrary large gauge transformatio
with non depleted gauge groums the dual CFT?
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¥Could a clear prescription for global properties lead to a
regular background for arbitrary large gauge transformati

Wit
De

N nondepleted gauge groums the dual CFT?

nletion of the gauge group reminiscent of the cascade?

Non-Abelian T-dual as an effective description8fetsosO13)
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/. Conclusions and open Issues

¥Could a clear prescription for global properties lead to a
regular background for arbitrary large gauge transformati

Wit
De

N nondepleted gauge groums the dual CFT?

nletion of the gauge group reminiscent of the cascade?

Non-Abelian T-dual as an effective description8fetsosO13)

¥Nature of the dual gauge groupd/hat is the orientifold
projection in the dual theory?

O5)
081 /

I I
|9. %IQIX'

=0

\ Dual Op™ located at ! = 5T

or
D5-D7 system?
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¥New Pxed points associated with product gauge groups &
ruled out in the OfairlyO complete classibcation of Intriligs
Morrison, Seiberg
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¥New Pxed points associated with product gauge groups &
ruled out in the OfairlyO complete classibcation of Intriligs
Morrison, Seiberg

¥Uniqueness statement fédSs  SUSY solutions in massiv
IIA (Passias012) Classify SUSXdSs solutions in IIB.

Abelian and non-Abelian duals of Brandhuber-Oz only
solutions?
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¥New Pxed points associated with product gauge groups &
ruled out in the OfairlyO complete classibcation of Intriligs
Morrison, Seiberg

¥Uniqueness statement fédSs  SUSY solutions in massiv
IIA (Passias012) Classify SUSXdSs solutions in IIB.

Abelian and non-Abelian duals of Brandhuber-Oz only
solutions?

Thanks!
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