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Motivation and background
AdSs Supergravity Solutions
Sasaki Einstein solutions and the Pilch Warner solution

Introduction

@ Via the AdS/CFT correspondence it is theorirised that
supergravity solutions with AdSy . 1 factors in the metric are
dual to d dimensional SCFT’s. For this reason solutions
with AdSy. 1 factors are sought after.
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Motivation and background
AdSs Supergravity Solutions
Sasaki Einstein solutions and the Pilch Warner solution

Introduction

@ Via the AdS/CFT correspondence it is theorirised that
supergravity solutions with AdSy . 1 factors in the metric are
dual to d dimensional SCFT’s. For this reason solutions
with AdSy. 1 factors are sought after.

@ Over the last 10 years there has been a lot of work
classifying solutions of this form and this has lead to many
new solutions being found.
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Motivation and background

AdSs Supergravity Solutions

Sasaki Einstein solutions and the Pilch Warner solution

@ There are many classifications; for example just for AdSs
solutions: [F. Apruzzi, M. Fazzi, A. Passias, A. Tomasiello ]
on llA solutions, [J.Gauntlett, D. Martelli, J. Sparks, D.
Waldram 2005] on IIB solutions and [J.Gauntlett, D.
Martelli, J. Sparks, D. Waldram 2004] on M theory
solutions.
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Motivation and background

AdSs Supergravity Solutions

Sasaki Einstein solutions and the Pilch Warner solution

@ There are many classifications; for example just for AdSs
solutions: [F. Apruzzi, M. Fazzi, A. Passias, A. Tomasiello ]
on llA solutions, [J.Gauntlett, D. Martelli, J. Sparks, D.
Waldram 2005] on IIB solutions and [J.Gauntlett, D.
Martelli, J. Sparks, D. Waldram 2004] on M theory
solutions.

@ Nonetheless the classifications are not yet complete and
this work fills one of the remaining gaps.
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Motivation and background
AdSs Supergravity Solutions
Sasaki Einstein solutions and the Pilch Warner solution

Motivation

@ We want solutions of the form
AdS5 X M5

with Ms compact and no self dual flux.
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Motivation and background
AdSs Supergravity Solutions
Sasaki Einstein solutions and the Pilch Warner solution

Motivation

@ We want solutions of the form
AdS5 X M5

with Ms compact and no self dual flux.

@ Via the AdS/CFT correspondence these should
correspond to an insofar unexplored class of N=1 SCFT’s
arising from wrapped 5-branes.
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Motivation and background
AdSs Supergravity Solutions
Sasaki Einstein solutions and the Pilch Warner solution

Motivation

@ We want solutions of the form
AdS5 X M5

with Ms compact and no self dual flux.

@ Via the AdS/CFT correspondence these should
correspond to an insofar unexplored class of N=1 SCFT’s
arising from wrapped 5-branes.

@ We wish to extend the classification of [J.Gauntlett, D.
Martelli, J. Sparks, D. Waldram 2005] to include the new
solutions found in [Macpherson, Nufiez, Zayas, Rodgers,
Whiting 2014] that evaded the previous classification.
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Motivation and background
AdSs Supergravity Solutions
Sasaki Einstein solutions and the Pilch Warner solution

Notation

@ Bosonic Fields of Type IIB Supergravity in SU(1, 1)
formalism are;

9w, P, G, F =xF (1)
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Motivation and background
AdSs Supergravity Solutions
Sasaki Einstein solutions and the Pilch Warner solution

Notation

@ Bosonic Fields of Type IIB Supergravity in SU(1, 1)
formalism are;

9w, P, G, F =xF (1)

@ We specialize to the case where F = 0. Physically this
means that there is no D3 brane charge.

C.Couzens AdSs solutions with vanishing F5



Motivation and background
AdSs Supergravity Solutions
Sasaki Einstein solutions and the Pilch Warner solution

Notation

@ Bosonic Fields of Type IIB Supergravity in SU(1, 1)
formalism are;

Guv, P, G, F =xF (1)
@ We specialize to the case where F = 0. Physically this
means that there is no D3 brane charge.
@ Supersymmetry requires the existence of a Killing spinor
satisfying:

1
0y =~ Dpje — 9% (rMP1“PSGP1”p3 — 9|_":’1"——)ZG/\,1,191 ,D2) e€=0

0N~ ZrMPMEC + ﬁl”’*"% GP1~~-P36 =0.
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Motivation and background
AdSs Supergravity Solutions
Sasaki Einstein solutions and the Pilch Warner solution

Sasaki Einstein Solutions

@ An infinite class of solutions with well understood SCFT
duals are where Ms is Sasaki Einstein.
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Motivation and background
AdSs Supergravity Solutions
Sasaki Einstein solutions and the Pilch Warner solution

Sasaki Einstein Solutions

@ An infinite class of solutions with well understood SCFT
duals are where Ms is Sasaki Einstein.

@ Field theory realised as D3 branes located at the apex of a
Calabi Yau cone with base Ms.
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Motivation and background
AdSs Supergravity Solutions
Sasaki Einstein solutions and the Pilch Warner solution

Sasaki Einstein Solutions

@ An infinite class of solutions with well understood SCFT
duals are where Ms is Sasaki Einstein.

@ Field theory realised as D3 branes located at the apex of a
Calabi Yau cone with base Ms.

@ These solutions require non-zero F.
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Motivation and background
AdSs Supergravity Solutions
Sasaki Einstein solutions and the Pilch Warner solution

Pilch Warner Solution

@ Pilch and Warner found a solution in 2000 which isn’t of
the Sasaki Einstein class above and has a well understood
dual SCFT.
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Motivation and background
AdSs Supergravity Solutions
Sasaki Einstein solutions and the Pilch Warner solution

Pilch Warner Solution

@ Pilch and Warner found a solution in 2000 which isn’t of
the Sasaki Einstein class above and has a well understood
dual SCFT.

@ The Solution has a non-trivial G, constant dilaton and
axion and a non vanishing F.
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Motivation and background
AdSs Supergravity Solutions
Sasaki Einstein solutions and the Pilch Warner solution

Pilch Warner Solution

@ Pilch and Warner found a solution in 2000 which isn’t of
the Sasaki Einstein class above and has a well understood
dual SCFT.

@ The Solution has a non-trivial G, constant dilaton and
axion and a non vanishing F.

@ Until recently these were the main solutions known with an
AdSs factor. Notice that they all have non-trivial F and it
was wondered if this was a necessary condition for
solutions. The recent solutions prove otherwise.
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G-Structure analysis

Generalizing to vanishing self dual field strength Application of G Structure analysis
The Metric
Differential equations

G structure analysis part 1

@ A G-structure may be characterized by the existence of
globally defined G invariant tensors. A tensor is G-invariant
if it is invariant under rotations of the orthonormal frame.
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G-Structure analysis

Generalizing to vanishing self dual field strength Application of G Structure analysis
The Metric
Differential equations

G structure analysis part 1

@ A G-structure may be characterized by the existence of
globally defined G invariant tensors. A tensor is G-invariant
if it is invariant under rotations of the orthonormal frame.

@ These are all topological conditions.
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G-Structure analysis

Generalizing to vanishing self dual field strength Application of G Structure analysis
The Metric
Differential equations

G structure analysis part 1

@ A G-structure may be characterized by the existence of
globally defined G invariant tensors. A tensor is G-invariant
if it is invariant under rotations of the orthonormal frame.

@ These are all topological conditions.

@ To classify the G-structure one uses the differential
conditions satisfied by the invariant tensors and captured
in the ’intrinsic torsion’.
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G-Structure analysis

Generalizing to vanishing self dual field strength Application of G Structure analysis
The Metric
Differential equations

G-structure analysis part 2

@ A Killing spinor defines a G-strucutre by way of its isotropy
group. One constructs the invariant tensors by forming
spinor bilinears.
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G-Structure analysis

Generalizing to vanishing self dual field strength Application of G Structure analysis
The Metric
Differential equations

G-structure analysis part 2

@ A Killing spinor defines a G-strucutre by way of its isotropy
group. One constructs the invariant tensors by forming
spinor bilinears.

@ Using Fierz identities we obtain algebraic conditions for the
invariant tensors.
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G-Structure analysis
Generalizing to vanishing self dual field strength Application of G Structure analysis
The Metric
Differential equations

G-structure analysis part 2

@ A Killing spinor defines a G-strucutre by way of its isotropy
group. One constructs the invariant tensors by forming
spinor bilinears.

@ Using Fierz identities we obtain algebraic conditions for the
invariant tensors.

@ Using the SUSY equations we obtain differential conditions
for the bilinears.
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G-Structure analysis

Generalizing to vanishing self dual field strength Application of G Structure analysis
The Metric
Differential equations

G-structure analysis part 2

@ A Killing spinor defines a G-strucutre by way of its isotropy
group. One constructs the invariant tensors by forming
spinor bilinears.

@ Using Fierz identities we obtain algebraic conditions for the
invariant tensors.

@ Using the SUSY equations we obtain differential conditions
for the bilinears.

@ Using the above differential equations we find which
EOM’s are satisified.

C.Couzens AdSs solutions with vanishing F5



G-Structure analysis

Generalizing to vanishing self dual field strength Application of G Structure analysis
The Metric
Differential equations

G-structure analysis part 2

@ A Killing spinor defines a G-strucutre by way of its isotropy
group. One constructs the invariant tensors by forming
spinor bilinears.

@ Using Fierz identities we obtain algebraic conditions for the
invariant tensors.

@ Using the SUSY equations we obtain differential conditions
for the bilinears.

@ Using the above differential equations we find which
EOM’s are satisified.

@ The classification provides the most general local form of
the solution suplimented with some differential equations.
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G-Structure analysis

Generalizing to vanishing self dual field strength Application of G Structure analysis
The Metric
Differential equations

Spinor decomposition

@ We want bosonic supersymmetric solutions with a warped
metric of the form;

ds? = e24)(dsiigs, + dsiy (1))

preserving the SO(4, 2) isometry of AdSs.
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G-Structure analysis

Generalizing to vanishing self dual field strength Application of G Structure analysis
The Metric
Differential equations

Spinor decomposition

@ We want bosonic supersymmetric solutions with a warped
metric of the form;

ds? = e24)(dsiigs, + dsiy (1))

preserving the SO(4, 2) isometry of AdSs.
@ We have a Killing spinor which defines a G-strucutre.

C.Couzens AdSs solutions with vanishing F5



G-Structure analysis

Generalizing to vanishing self dual field strength Application of G Structure analysis
The Metric
Differential equations

Spinor decomposition

@ We want bosonic supersymmetric solutions with a warped
metric of the form;

ds? = 2 (dshys, + dsiy (¥))

preserving the SO(4, 2) isometry of AdSs.
@ We have a Killing spinor which defines a G-strucutre.
@ We decompose the Killing spinor schematically as;

Spin(9,1) — Spin(4,1) x Spin(5) € — Yy ® &

where the Spin(4,1) spinor v preserves SUSY on AdSs.
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G-Structure analysis

Generalizing to vanishing self dual field strength Application of G Structure analysis
The Metric
Differential equations

Method Part 2

@ Construct all spinor bilinears using the Spin(5) spinor, e.g.

1 _
Ks = 5(&mé + &L11)ée)
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G-Structure analysis

Generalizing to vanishing self dual field strength Application of G Structure analysis
The Metric
Differential equations

Method Part 2

@ Construct all spinor bilinears using the Spin(5) spinor, e.g.

1 i}
Ks = 5(&mé + &L11)ée)

@ Fierz identities imply algebraic equations for the bilinears.
Determines G in terms of the bilinears.
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Generalizing to vanishing self dual field strength Application of G Structure analysis
The Metric
Differential equations

Method Part 2

@ Construct all spinor bilinears using the Spin(5) spinor, e.g.

1 _
Ks = 5(&mé + &L11)ée)

@ Fierz identities imply algebraic equations for the bilinears.
Determines G in terms of the bilinears.

@ SUSY equations give differential equations for the
bilinears.
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G-Structure analysis

Generalizing to vanishing self dual field strength Application of G Structure analysis
The Metric
Differential equations

Method Part 2

@ Construct all spinor bilinears using the Spin(5) spinor, e.g.

1 i}
Ks = 5(&mé + &L11)ée)

@ Fierz identities imply algebraic equations for the bilinears.
Determines G in terms of the bilinears.

@ SUSY equations give differential equations for the
bilinears.

@ One finds that Ks is a Killing vector. Corresponds to the
U(1) R symmetry of the SCFT.
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G-Structure analysis

Generalizing to vanishing self dual field strength Application of G Structure analysis
The Metric
Differential equations

Obtaining the metric

@ Introducing a frame one can construct the metric in terms
of the spinor bilinears.
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G-Structure analysis

Generalizing to vanishing self dual field strength Application of G Structure analysis
The Metric
Differential equations

Obtaining the metric

@ Introducing a frame one can construct the metric in terms
of the spinor bilinears.

@ The metric ds?, after redefinitions is given by;

Om? ds?y = (Tp)? d¢2+1 (1Po@o™ + 232 4 2 dr?).

-
— (Tn)?
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G-Structure analysis

Generalizing to vanishing self dual field strength Application of G Structure analysis
The Metric
Differential equations

Obtaining the metric

@ Introducing a frame one can construct the metric in terms
of the spinor bilinears.

@ The metric ds?, after redefinitions is given by;

Om? ds?y = (Tp)? d¢2+1 (1Po@o™ + 232 4 2 dr?).

-
— (Tn)?

@ 0, aKilling vector.
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G-Structure analysis

Generalizing to vanishing self dual field strength Application of G Structure analysis
The Metric
Differential equations

Differential equations

@ From the SUSY equations we are left with only 3 first order
differenital equations for one forms to solve and two
algebraic equations.
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G-Structure analysis

Generalizing to vanishing self dual field strength Application of G Structure analysis
The Metric
Differential equations

Differential equations

@ From the SUSY equations we are left with only 3 first order
differenital equations for one forms to solve and two
algebraic equations.

@ Moreover one finds that the SUSY equations imply all the
equations of motion and Bianchi identities.
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G-Structure analysis

Generalizing to vanishing self dual field strength Application of G Structure analysis
The Metric
Differential equations

Differential equations

@ From the SUSY equations we are left with only 3 first order
differenital equations for one forms to solve and two
algebraic equations.

@ Moreover one finds that the SUSY equations imply all the
equations of motion and Bianchi identities.

@ Therefore the 3 differential equations and 2 algebraic
equations are necessary and sufficient conditions for
supersymmetric solutions.
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NATD-T Dual AdSs x T(":1) Solution

Does the classification work?

@ We show a solution in [Macpherson, Nufiez, Zayas,
Rodgers, Whiting 2014] satisifes this classification.
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NATD-T Dual AdSs x T(":1) Solution

Does the classification work?

@ We show a solution in [Macpherson, Nufiez, Zayas,
Rodgers, Whiting 2014] satisifes this classification.

@ These solutions were obtained by performing a
Non-Abelian T duality followed by a T duality to Sasaki
Einstein solutions.
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NATD-T Dual AdSs x T(":1) Solution

Does the classification work?

@ We show a solution in [Macpherson, Nufiez, Zayas,
Rodgers, Whiting 2014] satisifes this classification.

@ These solutions were obtained by performing a
Non-Abelian T duality followed by a T duality to Sasaki
Einstein solutions.

@ These solutions are singular however we use them to
motivate ansatz for us.
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NATD-T Dual AdSs x T(":1) Solution

New Solutions?

@ We have tried various ansatz to find new solutions.
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NATD-T Dual AdSs x T(":1) Solution

New Solutions?

@ We have tried various ansatz to find new solutions.

@ One particular attempt was to impose an SU(2) isometry.
Geometry is then determined by a single third order
non-linear differential equation. One solution of which is
known however it gives a singular solution.
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Summary

Summary

@ SUSY encodes a lot of information about the solution. We
have shown that it implies the equations of motion and
Bianchi identities and gives 'simpler’ equations to solve.

C.Couzens AdSs solutions with vanishing F5



Summary

Summary

@ SUSY encodes a lot of information about the solution. We
have shown that it implies the equations of motion and
Bianchi identities and gives 'simpler’ equations to solve.

@ All SUSY type IIB AdSs solutions are now classified by this
work or the 2005 work.
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Summary

Summary

@ SUSY encodes a lot of information about the solution. We
have shown that it implies the equations of motion and
Bianchi identities and gives 'simpler’ equations to solve.

@ All SUSY type IIB AdSs solutions are now classified by this
work or the 2005 work.

@ Outlook
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Summary

Summary

@ SUSY encodes a lot of information about the solution. We
have shown that it implies the equations of motion and
Bianchi identities and gives 'simpler’ equations to solve.

@ All SUSY type IIB AdSs solutions are now classified by this
work or the 2005 work.

@ Outlook
e Can we find non-singular solutions?
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Summary

Summary

@ SUSY encodes a lot of information about the solution. We
have shown that it implies the equations of motion and
Bianchi identities and gives 'simpler’ equations to solve.

@ All SUSY type IIB AdSs solutions are now classified by this
work or the 2005 work.

@ Outlook

e Can we find non-singular solutions?
e What are the dual SCFT’s to these geometries?
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Summary

Summary

@ SUSY encodes a lot of information about the solution. We
have shown that it implies the equations of motion and
Bianchi identities and gives 'simpler’ equations to solve.

@ All SUSY type IIB AdSs solutions are now classified by this
work or the 2005 work.

@ Outlook
e Can we find non-singular solutions?
e What are the dual SCFT’s to these geometries?
e T-Dual to Il A classification? [F. Apruzzi, M. Fazzi, A.
Passias, A. Tomasiello]
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Thank you
Any Questions?
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