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Motivation:

* 5d fixed point theories arise in the infinite bare coupling limit
of N=1 SUSY gauge theories with very specific gauge groups
and matter content (Seiberg’96; Intriligator, Morrison, Seiberg’97)
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Motivation:

* 5d fixed point theories arise in the infinite bare coupling limit
of N=1 SUSY gauge theories with very specific gauge groups
and matter content (Seiberg’96; Intriligator, Morrison, Seiberg’97)

e Sp(N) with specific matter content arises on D-brane probes

— Dual AdSs background as the near horizon geometry
(Brandhuber, Oz'99)

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

* String theory realization unknown in most cases

* Search for AdSs backgrounds: Brandhuber and Oz’s quite
unique (Passias’|2)
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In this talk:

* New AdSg solution through non-Abelian T-duality
(Y.L., O Colgain, Rodriguez-Gomez, Sfetsos, PRL (201 3))

e 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 & Thompson’l0)

NATD
AdS5 X S5  ——— AdS5 X Ho x My (H2 — 52)
LIleI(ijft ' (Gaiotto & Maldacena geometries
™ for N=2 SCFTs)
NATD
AdSs xTHY  —— AdSs x Hy x My (Hy — S?)
Lljlplc'jfitmto (Sicilian quivers (N=1 SCFTs)
(Benini, Tachikawa, Wecht) )
NATD

Klebanov & Strassler — New geometries in massive IIA

Confining quarks, domain walls,
Seiberg duality,...

(Itsios, Nunez, Sfetsos & Thompson’| 3)
(Nunez & colab‘l 3,14)
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®* In 5 dim: (Y.L, O Colgain, Rodriguez-Gomez, Sfetsos’ | 2;
Y.L., O Colgain, Rodriguez-Gomez’ | 3)

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

Dual CFT quiver with two nodes
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Outline

|. 5d fixed point theories
2. The D4-D8 system

3. Non-Abelian T-duality back in the 90’s

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

6. Hints on the 5d dual CFT

/. Conclusions and open issues
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|. 5d fixed point theories

5d gauge theories are non-renormalizable:

Fl=M" - g°E  — UV completion
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|. 5d fixed point theories

5d gauge theories are non-renormalizable:

Fl=M" - g°E  — UV completion

In string theory they arise on D4-brane probes:

e 5d SYM with maximal SUSY defined in the UV in terms of
the (2,0) é6d theory.

In fact equiva|ent (Douglas’ | 0; Lambert, Papageorgakis, Schmidt-Sommerfeld’ | 0)

* 5d SYM with minimal SUSY can be at fixed points for specific
gauge groups and matter content, where they can
exhibit interesting phenomena such as exceptional global
symmetry groups (Seiberg'96; Intriligator, Morrison, Seiberg'97)
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* 5d fixed point theories are intrinsically strongly coupled
* The string theory realization is only known for very
specific cases

— Search for new realizations by scanning over the possible
AdSg vacua in SUGRA
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* 5d fixed point theories are intrinsically strongly coupled

* The string theory realization is only known for very
specific cases

— Search for new realizations by scanning over the possible
AdSg vacua in SUGRA

Passias’|2: ® Unique SUSY solution in massive llA:
Near horizon of the D-brane system giving rise
to Sp(IN) with specific matter content
(Brandhuber, Oz’99)>‘<

* Non-existence of AdSs solutions in other SUGRAs
not completely excluded, but strongly suggested

* And orbifolds thereof (Bergman, Rodriguez-Gomez’|2)
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2.The D4-D8 system

5d SUSY fixed points with Ey, 1 global symmetry can be

obtained in the infinite bare coupling limit of N=1 SYM
with gauge group Sp(N), one antisymmetric hypermultiplet

and Ny < 8 fundamental hypermultiplets (Seiberg'96)
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5d SUSY fixed points with Ey..; global symmetry can be

obtained in the infinite bare coupling limit of N=1 SYM
with gauge group Sp(N), one antisymmetric hypermultiplet

and Ny < 8 fundamental hypermultiplets (Seiberg'96)

The theory can be engineered in Type I’ ST on a stack of
N D4-branes probing a 08~ plane with Ny D8-branes
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2.The D4-D8 system

5d SUSY fixed points with Ey, 1 global symmetry can be

obtained in the infinite bare coupling limit of N=1 SYM
with gauge group Sp(N), one antisymmetric hypermultiplet

and Ny < 8 fundamental hypermultiplets (Seiberg'96)

The theory can be engineered in Type I’ ST on a stack of
N D4-branes probing a 08~ plane with Ny 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-O8 background metric
(Brandhuber, Oz’99; Ferrara, Kehagias, Partouche, Zaffaroni’98)

ds® = H8_1/2(—dt2 +dxi+ - +dag) + H81/2dz2

8 8
2 |z — 2] |z + z;|

Hg(z) = ¢+ 162 — -
SERER D Py P P

(zi: locations of the 16 D8-branes)

has a gauge coupling 1 _ Hs

g% s
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A D4-brane probe in the D8-O8 background metric
(Brandhuber, Oz’99; Ferrara, Kehagias, Partouche, Zaffaroni’98)

ds® = H8_1/2(—dt2 +dxi+ - +dag) + H81/2d,22

8 8
2 |z — 2] |z + z;|

Hg(z) = ¢+ 162 — -
SERER D Py P P

(zi: locations of the 16 D8-branes)

. 1 Hyg
has a gauge coupling =
g s

In the field theory limit (I — 0 + gauge coupling fixed):

< . .
¢ = — must be constant = Region near z =0 (location

I3
of the O8~ plane)
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8 8
1 C
Then: ?:l—+16¢—21¢—mi|—21¢+mi|
S i=1 i=1
with qbzl% , mi:%

This reproduces the effective gauge coupling of the 5d Sp(N)
gauge theory with |6 fundamental hypers with masses m;
and one massless antisym. hypermultiplet (Seiberg'96)
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8 8
1 c
Then: ?:l—+16¢—21¢—mi|—21¢+mi|
° i=1 i=1
with Cbzl% ’ mi:%

S S

This reproduces the effective gauge coupling of the 5d Sp(N)
gauge theory with |6 fundamental hypers with masses m;
and one massless antisym. hypermultiplet (Seiberg'96)

Taking N; massless hypermultiplets:

1 1 Ny Ny
2 g_2+16¢_2‘¢_mi| —Z|¢+mi|
cl i=1 i=1

one gEtS: 1 B 1 —|_(16 N )gb
9> g3 d
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1 1
? = 9—21 + (16 — 2Nf)qb |mp||es that:

- For Ny > 8, g° becomes negative at some point in the
moduli space — Sick theory
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1 1
? = 9_21 + (16 — 2Nf)qb |mp||es that:

- For Ny > 8, g° becomes negative at some point in the
moduli space — Sick theory
- For Ny <8 there are no singularities

= If 9o — o0 there can be a scale invariant fixed point
at the origin of the Coulomb branch
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1 1
e 7z + (16 —2Ny¢)¢  implies that:
- For Ny > 8, g° becomes negative at some point in the

moduli space — Sick theory

- For Ny < 8 there are no singularities
= If 9o — o0 there can be a scale invariant fixed point
at the origin of the Coulomb branch

Here the global symmetry of the theory: SU(2) x SO(2Ny) x U(1);
is enhanced to SU(2) x En,4; due to instantons (D0O-branes)
becoming massless
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1 1
e 7z + (16 —2Ny¢)¢  implies that:
- For Ny > 8, g° becomes negative at some point in the

moduli space — Sick theory

- For Ny < 8 there are no singularities
= If go — o0 there can be a scale invariant fixed point
at the origin of the Coulomb branch

Here the global symmetry of the theory: SU(2) x SO(2Ny) x U(1);
is enhanced to SU(2) x En,4; due to instantons (D0O-branes)
becoming massless

The field theory calculation can be generalized to other gauge
groups and matter content (Intriligator, Morrison, Seiberg’97) , which
lack however an AdS/CFT description
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The near horizon geometry of the D4-D8 system is a
fibration of AdSs over half-S* with an S® boundary at the
position of the O8-plane, preserving 16 SUSYs

W2 L2
ds? = [9 ds?(AdSs) + 4ds2(s4)} o0,
"9
Fy=5L* W2 sin® 0df A Vol(S?) o N
— vy
L 1 _
e”? = : W = (m cosf)" s " 27l

2W5 "’

martes 5 de agosto de 2014



The near horizon geometry of the D4-D8 system is a
fibration of AdSs over half-S* with an S® boundary at the
position of the O8-plane, preserving 16 SUSYs

W2 L2
ds? = [9 ds?(AdSg) + 4ds2(s4)} 00,
i
Fy=5L* W2 sin® 0 df A Vol(S?) o N
— Ny
3L 1 m =
—p o ~-1
™" = o W = (m cos9) 27l

* SO(5) symmetry broken to SO(4) ~ SU(2) x SU(2):
SU(2) «<» SU(2)r R-symmetry of the field theory

SU(2) +» global symmetry massless antisym. hyper
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The near horizon geometry of the D4-D8 system is a
fibration of AdSs over half-S* with an S® boundary at the
position of the O8-plane, preserving 16 SUSYs

W2 L2
ds? = [9 ds?(AdSs) + 4ds2(s4)} o0,
"9
Fy=5L* W2 sin® 0df A Vol(S?) o N
— Ny
3L 1 m =
—p o —-1
™" = o W = (m cos9) 27l

* SO(5) symmetry broken to SO(4) ~ SU(2) x SU(2):
SU(2) «<» SU(2)r R-symmetry of the field theory

SU(2) +» global symmetry massless antisym. hyper

e SO(2,5) <+ Conformal symmetry
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Passias’|2: Analyzed the constraints imposed by SUSY on the
geometry and fluxes of AdSs x M, warped backgrounds in

massive IIA — Brandhuber & Oz only possible background
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Passias’|2: Analyzed the constraints imposed by SUSY on the
geometry and fluxes of AdSs x M, warped backgrounds in

massive IIA — Brandhuber & Oz only possible background

Non- existence of AdSs solutions in other SUGRAs not
completely excluded, but strongly suggested

We will see: New AdSg solution in Type IIB through
non-Abelian T-duality *

* Also through Abelian T-duality, describing the same fixed point theory
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3. Non-Abelian T-duality back in the 90’s

Rocek and Verlinde’s formulation of Abelian T-duality for ST
in a curved background (Buscher’ss) :

1
g —

Aol

1
/ (9 dX¥ A +dX¥ + By, dX¥ A dX") + = / R@¢

T

In the presence of an Abelian isometry: X" = ek* /

Ekg:O,L’kB:dw,ikdgb:O

i) Go to adapted coordinates: X* = {0, X*} such that
0 —0+e¢ and Oy(backgrounds) =0
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ii) Gauge the isometry: df — DO =db + A
A non-dynamical gauge field / dA = —de

iii) Add a Lagrange multiplier term: 6 dA , such that

/Dé — dA=0 = A exact
(in a topologically trivial worldsheet)

+ fix the gauge: A =0 — Original theory

iv) Integrate the gauge field
+ fix the gauge: 6 =0 — Dual sigma model:

{evXa} — {éa Xa} and
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~ 1 . ~ o BOa . ~ . goagop — BOQBOB
goo — — 35 Yoo — ——5 Yap — Gap —
goo goo goo
~ ~ Bps — B
BOa — gO_a 3 Bozﬁ — Baﬁ — 90208 — 9050
goo goo
¢ = ¢ — log goo Buscher’s formulae

- Conformally invariant

- Involutive transformation: S > S

~

0 0+c

- Arbitrary worldsheets? (symmetry of string perturbation
theory):

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

Large gauge transformations: 7{ de =2mn; n € Z
B

To fix them:

Multivalued Lagrange multiplier: ]{dé =2mm; m € 7Z
such that v

/ lexact] - dA =0 + / lharmonic] = A exact

= The gauging procedure works for all genera
(Rocek,Verlinde’'91)
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Non-Abelian T-duality

(De la Ossa, Quevedo’93)

Non-Abelian continuous isometry: X™ — ¢7 X", ge G

i) Gauge it: dX™ — DX =dX™" + AT X"
A€ Liealgebraof G  A— g(A+d)g™’

ii) Add a Lagrange multiplier term: Tr(xF)
F=dA—AANA
X € Lie Algebra of G, x — 9x9 ™, such that

/Dx — FF=0 = A exact
(in a topologically trivial worldsheet)

+ fix the gauge: A =0 = Original theory
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iii) Integrate the gauge field + fix the gauge — Dual theory
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iii) Integrate the gauge field + fix the gauge — Dual theory

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

Geometrically: S°

L="Tr(¢g  dgA*xg~tdg); g € SU(2)

Invariant under:
qg — hlghg; hl,hg - SU(Q)

Choose: ¢ — hg; h e SU(2)

. 1 . .
L = TXQ (5733' — Eiijk + Xz‘Xj)dXZ A xdx’

Invariant under x — hxh™'; h € SU(2)
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* Non-involutive
* Higher genus generalization? Set to zero W, = Pef

* Global properties?
x € R’: Global completion of R*?

* Conformal invariance not proved in general
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* Non-involutive
* Higher genus generalization? Set to zero W, = Pef

* Global properties?
x € R’: Global completion of R*?

* Conformal invariance not proved in general

True symmetry in String Theory!?
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* Non-involutive
* Higher genus generalization? Set to zero W, = Pef
* Global properties?

x € R’: Global completion of R*?

* Conformal invariance not proved in general

True symmetry in String Theory!?

Still, interesting as a solution generating technique
(Sfetsos, Thompson’10)
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4. Non-Abelian T-duality as a solution generating
technique:

Need to know how the RR fields transform

In the Abelian case: Reduce to a unique N=2,d=9 SUGRA
(Bergshoeff, Hull, Ortin’95)

Hassan’99: Implement the relative twist between left and right
movers in the bispinor formed by the RR fields:

¢
: -1 € 1
P = PX) P = ? EFlil---Mkrul HE
k L]

with Q= \/ gO_OIFHFO

Same thing in the non-Abelian case (Sfetsos, Thompson’l0)
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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 ‘t Hooft coupling or |/N
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5.The non-Abelian T-dual of Brandhuber and Oz
*Take the AdSs x S* background

ds® = W1L2 [9d32 (AdSe) + 4 (d02 + sin” )]

Fy = 5L*W~?sin® § df A Vol(S?)
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5.The non-Abelian T-dual of Brandhuber and Oz
*Take the AdSs x S* background

ds® = W1L2 [9d32 (AdSe) + 4(d92 + sin? )}

Fy = 5L*W~?sin® § df A Vol(S?)

*Dualize it w.r.t. one of the SU(2) symmetries
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5.The non-Abelian T-dual of Brandhuber and Oz
*Take the AdSs x S* background

ds® = W1L2 [9d32 (AdSe) + 4(d92 + sin? )}

Fy = 5L*W~?sin® § df A Vol(S?)

*Dualize it w.r.t. one of the SU(2) symmetries

In spherical coordinates adapted to the remaining SU(2):

W?2 L2 2 2A
ds? = 9ds>(AdSq) + 4467 | e M dr 4 S ds*(S”)
r’ _ 3L
32:r2+€4AV01(52) e ¢:2W5€A\/7'2—|—64A
2
.

F1 = -Gy —mnrdr F3 = [—r G1 + m et dr] A Vol(S?)

T2 + €4A
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*[t solves the IIB equations of motion
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*[t solves the IIB equations of motion

*SUSY preserved! First example of a non-Abelian T-dual
geometry with supersymmetry fully preserved

This is because the internal symmetry is really SU(2) x SU(2)g
and we dualize on the SU(2) global symmetry

martes 5 de agosto de 2014



*[t solves the IIB equations of motion

*SUSY preserved! First example of a non-Abelian T-dual
geometry with supersymmetry fully preserved

This is because the internal symmetry is really SU(2) x SU(2)g
and we dualize on the SU(2) global symmetry

*Boundary at § = g inherited.
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*[t solves the IIB equations of motion

*SUSY preserved! First example of a non-Abelian T-dual
geometry with supersymmetry fully preserved

This is because the internal symmetry is really SU(2) x SU(2)g
and we dualize on the SU(2) global symmetry

*Boundary at § = g inherited.

*\What about r?

*Background perfectly smooth for all r
*No global properties inferred from the non-Abelian transf.

eAssume r € [0, R] (to avoid a continuous spectrum of
fluctuations), and try to infer global properties by
demanding consistency to the dual background
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6. Hints on the 5d dual CFT

i) Quantization of charges:

D5 (N5) D7 (N7)
D4 < D8 <

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

i) Quantization of charges:

D5 (VY D7 (N7)
D4 < ) D8 <

. D7 (NY) N D5 (NY)

N¢ and N! depend on the large gauge transf. of By:

3 5 1
By = (T2 e —fmr)Vol(S )| b= [ Baelon

(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 all (r,6) unless n =20
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6. Hints on the 5d dual CFT

i) Quantization of charges:

D5 (VY D7 (N7)
D4 < ) D8 <

. D7 (NY) N D5 (NY)

N¢ and N! depend on the large gauge transf. of By:

3 1

r 2
By = (T2 e —fmr)Vol(S )| b= [ Baelon

(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 all (r,6) unless n =20

This fixes the maximum valueof » to r=n
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ii) Probe the Coulomb branch:
2 directions <+ BPS D5 and D7 branes
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ii) Probe the Coulomb branch:

2 directions < BPS D5 and D7 branes

Fluctuations of these branes:

1 1 L2 —1/3 NI
DSZ SDBI: —F2 ’ ng m 3 7
gD5 gD5 1287T

/Fl/A/\F/\F—

0

S5dCS— ANFAF
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ii) Probe the Coulomb branch:

2 directions < BPS D5 and D7 branes

Fluctuations of these branes:

1 1 9L2m~1/3 Nz
DSI SDBI — —Fiu ’ 5 = 3 7 P
9D5 gD5 128 7

/Fl/A/\F/\F_

Consistently, we should find a wrapped brane with a
tadpole given by the CS coefficient:

DI-brane wrapped on 7 : Scs = —N- /At

ANFANF

Ssdcs =
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ii) Probe the Coulomb branch:

2 directions < BPS D5 and D7 branes

Fluctuations of these branes:

1 1 9L2m~1/3 Nz
DSZ SDBI — —Fiu ’ 5 = 3 7 P
9D5 gD5 128 7

T5/F1/A/\F/\F—

Consistently, we should find a wrapped brane with a
tadpole given by the CS coefficient:

DI-brane wrapped on 7 : Scs = —N- /At

S5dCS— ANFAF

D7: Same with NI <+ NI, DI < D3 wrapped on S*
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ii) Baryon-like operators:

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

In the D4-D8 background: D4-brane with N charge,
projected out by the orbifold

In the non-Abelian dual: DI-brane with NY charge
plus D3-brane (wrapped on $?) with N{ charge

Projected out by the dual orbifold

In any case they inform about the ranks of the dual gauge
groups
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iv) Putting it all together:

We seem to have two gauge groups with ranks NY  NY
and flavor symmetries N} , N7

F Fy

w) (r

1 2

N? actually zero, such that the background is globally
well defined

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 transformations,
with non depleted gauge groups in the dual CFT?
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Depletion of the gauge group reminiscent of the cascade?
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Non-Abelian T-dual as an effective description? (Sfetsos’I3)
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/. Conclusions and open issues

* Could a clear prescription for global properties lead to a
regular background for arbitrary large gauge transformations,
with non depleted gauge groups in the dual CFT?

Depletion of the gauge group reminiscent of the cascade?

Non-Abelian T-dual as an effective description? (Sfetsos’I3)

* Nature of the dual gauge groups: What is the orientifold
projection in the dual theory?

O5~ [QQ — [QIXQ .
0s< : n
\ Dual Op~ located at 6 = 5= 0
o7~
D5-D7 system!
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* New fixed points associated with product gauge groups are
ruled out in the “fairly” complete classification of Intriligator,
Morrison, Seiberg
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* New fixed points associated with product gauge groups are
ruled out in the “fairly” complete classification of Intriligator,
Morrison, Seiberg

* Uniqueness statement for AdSg SUSY solutions in massive
lIA (Passias’l2) — Classify SUSY AdSs solutions in |IB.

Abelian and non-Abelian duals of Brandhuber-Oz only
solutions!?
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* New fixed points associated with product gauge groups are
ruled out in the “fairly” complete classification of Intriligator,
Morrison, Seiberg

* Uniqueness statement for AdSg SUSY solutions in massive
lIA (Passias’l2) — Classify SUSY AdSs solutions in |IB.

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

Thanks!
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