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Abstract: <p>Main properties of generalized contraction methods of Lie algebras, known also as expansion methods, are briefly intro
Between some of their physical applications, one might study the nature of solutions in theories constructed with those expanded algel
particular, as we are interested in solutions that could be relevant in the context of ADS/CFT and Holographic Superconductors, we would
study the holographic QFT dual to Chern-Simons gravity for an expansion of AdS algebra. As a first step, we studied charged static sph:
symmetric BH solutions of a CS theory for the most simple extension of AdS symmetry: AASA—U(1). It is shown that in this kind of hi
dimensional gravity, degeneracy in some sectors of the space of solutions can appear. In fact, arbitrary functions remain undetermined after
equations are imposed. This is related to an increase in local symmetries and it is shown that the knowledge of these "accidental symmeti
help to formulate a simple criterion that avoids unwanted degenerate ansatze. Finally, main properties of Pure Lovelock gravity are preser
some issues about black hole solutions this theory are also discussed.</p>
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Introduction

We use first order Einstein-Cartan formulation of gravity

(‘f.':f ’ “H,rsz' r Suv = "].-:!r‘v?:"i‘ ’ R% — (dw + w? )‘”‘. T = D¢").

For example, in D = 4 Einstein-Cartan theory

- \ ) "\ ) I
[_ EC ((" (.(') = K (l:\:h(‘,le?! t.\. t‘if i !_“(ﬂ(,! (,L vlf) . K = ,‘.‘: }T(_; :
is equivalent to Einstein-Hilbert theory

(gw . Iy (g) , under assumption T}, =0, V'g, =0)
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Introduction

We use first order Einstein-Cartan formulation of gravity

{ ] { ) ] " v ah {
G “'T:P r Suv = "/‘-zb‘v;::"{' 3 R = (dw+wP)®, T = Dé").

For example, in D = 4 Einstein-Cartan theory

- \ [ o "\ ) I
Lge (e, w) =K L-‘J;,(-.gR‘” e — Zfebefe ) : Kk = —_
‘ (5] F?l: fT(r

is equivalent to Einstein-Hilbert theory

(gw . T} () , under assumption T}, =0, Vg, =0)

Len (8T (g)) = —xy/—g(R-2A) .

Generalization to D-dimensions: Lanczos-Lovelock (L-L) gravity

DI

Z
[.‘ — Z (\‘IL‘IV" ¥
p=0
s(p) £ 1105 1yp_102p (A3ps i
L ; - t[f'["-xli‘)Rlll""'RJ"‘[ 1 it 1 .__(,xp'
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Requiring the theory to have the maximum possible number of
degrees of freedom, leads to a special choosing! of &, which in even
D gives to Born-Infeld (BI) gravity; while in D it gives

gravity, described by

IR. Troncoso, |. Zanelli, Class. Quantum Grav. 17 (2000) 4451.
2D.u‘iich et al, arXiv:1006.0337, 1201.4994.
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gravity, described by
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Introduction

We use first order Einstein-Cartan formulation of gravity
(d::r ' “1?:!' r Suv = "/;zb‘v;'::"i‘ : R® = (dw + «?)?, T® = Dé&).

For example, in D = 4 Einstein-Cartan theory

. ) ¢ N ape 1
Lrec(e,w) =k r‘l,;,(-dR‘” e — Zfebef ) i Kk = —,
‘ 6 321G

is equivalent to Einstein-Hilbert theory
(guw . T} () , under assumption T, =0, Vg, =0)

Len (8T (g)) = —x/—g(R—2A) .

Generalization to D-dimensions: Lanczos-Lovelock (L-L) gravity

D1
~
[: —_— Z (\‘IL‘IV" ’
p=0
() = 11~ loan_189p Aopa 1
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Pirsa: 15040071 Page 11/113



Introduction Expansion methods Accidental symmetries Conclusions
CO00000000000000

Requiring the theory to have the maximum possible number of
degrees of freedom, leads to a special choosing! of ), which in even
D gives to Born-Infeld (BI) gravity; while in D it gives

gravity, described by

(FA---AF), =dLcs(A), With A =AAT, = Jw®], + 1P,

-

{ﬂmmﬁ=wwL42LF:M+AAA='@”+%&ﬂhﬁ}ﬂm

ral
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IR. Troncoso, |. Zanelli, Class. Quantum Grav. 17 (2000) 4451.
2Dadich et al, arXiv:1006.0337, 1201.4994.
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Requiring the theory to have the maximum possible number of
degrees of freedom, leads to a special choosing! of &, which in even
D gives to Born-Infeld (BI) gravity; while in D it gives

gravity, described by

(FA---AF), =dLcs(A), With A =AAT, = Jw®], + 1P,

-

({Jap Pa}) =s0(D—1,2), F=dA + AN A = (R"" 4 ?l_wnv") Job + 3T°P,

ral

Ex. nD =5 ¢ EcslA) = K& bde (%t’”(‘!?(ﬁ‘l’dt". -+ %R'”’("'("f(“' + %R‘?!'R“ft“') ;

. . - . . 2 .
Another interesting family is Pure Lovelock theory<, which have only
ap and ay (N = [(D—1) /2]) non-vanishing,.

IR. Troncoso, |. Zanelli, Class. Quantum Grav. 17 (2000) 4451.
2[)adich et al, arXiv:1006.0337, 1201.4994.
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We will see here that some L-L theories might have degenerated

sectors in the space of solutions.

Pirsa: 15040071 Page 16/113



Introduction Expansion methods Accidental symmetries Conclusions

Q0000000000000 00

We will see here that some L-L theories might have degenerated

sectors in the space of solutions.

For example, consider (in the torsionless sector: T = D¢ = 0) the
following ansatz,

) . . Ir2 T & ,
ds® = —f*(r)dt” + f«; +r°dQp_, ; withf*=1—9¢(r)r.
- ...r = :
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We will see here that some L-L theories might have degenerated

sectors in the space of solutions.

For example, consider (in the torsionless sector: T* = Dé" = 0) the
following ansatz,

) . ) . o ” "
ds® = —f°(r)dt* + ftl’(r} +rdQp_, 5 withf*=1—-9(r)r".

L-L field equations reduces to,

. {
Fy() =Ly = 3=,

where y is the mass parameter and &, = a,2x (D — 2p) (D - 2)!.
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When coupling constants are such that 3 (¢) has a degenerate zero,
the field equations leaves ¢y arbitrary (and were called
"geometrically free” solutions by J. T. Wheeler).

s ]
3

“Banados et al (1994), Crisostomo et al (2000).
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When coupling constants are such that 3 (¢) has a degenerate zero,
the field equations leaves ¢y arbitrary (and were called
"geometrically free” solutions by J. T. Wheeler).

There are two ways to reduce arbitrarieness of the theory:

s ]
9

Banados et al (1994), Crisostomo et al (2000).
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When coupling constants are such that F () has a degenerate zero,
the field equations leaves ¢y arbitrary (and were called
"geometrically free” solutions by J. T. Wheeler).

There are two ways to reduce arbitrarieness of the theory:

@ To assume fully degeneracy of that polynomial, i.e. that there is
a unique vacua

(p-p"N =0,

which ammounts to choose ap as in the Bl or case until some
order k < [D/2].

s ]

“Banados et al (1994), Crisostomo et al (2000).
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When coupling constants are such that F () has a degenerate zero,
the field equations leaves ¢y arbitrary (and were called
"geometrically free” solutions by J. T. Wheeler).

There are two ways to reduce arbitrarieness of the theory:

@ To assume fully degeneracy of that polynomial, i.e. that there is
a unique vacua

(p—pN =0,

which ammounts to choose ap as in the Bl or CS case until some
order k < [D/2].
They are known as dimensionally continued BHs ~,

]

?Banados et al (1994), Crisostomo et al (2000).
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When coupling constants are such that F (1) has a degenerate zero,
the field equations leaves ¢y arbitrary (and were called
"geometrically free” solutions by J. T. Wheeler).

There are two ways to reduce arbitrarieness of the theory:

@ To assume fully degeneracy of that polynomial, i.e. that there is
a unique vacua

(p-p)"N =0,

which ammounts to choose ap as in the Bl or CS case until some
order k < [D/2].
They are known as dimensionally continued BHs ~,

an~ A
b~ u

1
) . ] { N 3 b
fc=7] — !ﬂ-" — - (‘I_) —rd rz = ] —t”'z = \\'ht‘l‘e {
o T r )

Schwarzschild dS/AdS BH

s ]
.

“Banados et al (1994), Crisostomo et al (2000).
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@ The other way is to restrict to non vanishing coeficients ®( and

an (with N = [(D-1)/2]), known as Pure Lovelock case?:

4Dadich et al, arXiv:1006.0337, 1201.4994.
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@ The other way is to restrict to non vanishing coeficients «( and

an (with N = [(D-1)/2]), known as Pure Lovelock case?:

ll“\; —a=20,

4Dadich et al, arXiv:1006.0337, 1201.4994.
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@ The other way is to restrict to non vanishing coeficients ® and
XN (\'\'ilh N = [[D - l]ff.‘l]); known as Pure Lovelock CJSt‘-LZ

ll“\; —a=20,

1

) ) H N
‘=l—r'(l+'—)' .
.f ¢ yD—1

4Dadich et al, arXiv:1006.0337, 1201.4994.
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@ The other way is to restrict to non vanishing coeficients «( and
an (with N = [(D—-1)/2]), known as Pure Lovelock case?:

‘Ir\; - = {" ]
9 7 H N
f‘: | - (tl+}'”__l) ,

—  dS/AdS Schwarzchild BH ( ff=1-ar? — o ) ,

large r

— dimensionally continued BH .
r—rp ’

4Dadich et al, arXiv:1006.0337, 1201.4994.,
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1is work also deals with expansion methods of Lie alegebras”® anc
Tl k also deal th [ thods of L Igel i
gravity theories constructed with them (for which BH and a
cosmological solutions have already been studied®).

?Hatsuda-Sakaguchi (2003); de Azcarraga, [zquierdo, Picon, Varela (2003);
[zaurieta, Rodriguez, Salgado (2006).

®Quinzacara et al, arXiv:1401.1797; Crisostomo et al, arXiv:1401.2128.
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This work also deals with expansion methods of Lie algebras® and
gravity theories constructed with them (for which BH and a
cosmological solutions have already been studied®).

With O. Miskovic (PUCYV, Chile) — to explore solutions of those
theories that could be relevant in AdS/CFT context, because:

@ Four-dimensional holographic QFT at finite T is dual to
five-dimensional BH in AAdS gravity

@ Non-perturbative phenomena and phase transitions in QFT can
be analized holographically

?Hatsuda-Sakaguchi (2003); de Azcarraga, Izquierdo, Picon, Varela (2003);
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This work also deals with expansion methods of Lie algebras® and
gravity theories constructed with them (for which BH and a

cosmological solutions have already been studied®).

With O. Miskovic (PUCV, Chile) — to explore solutions of those
theories that could be relevant in AdS/CFT context, because:

@ Four-dimensional holographic QFT at finite T is dual to
five-dimensional BH in AAdS gravity

@ Non-perturbative phenomena and phase transitions in QFT can
be analized holographically

@ There are some unconventional superconductors (discovered 78
and 86’) whose theoretical description so far is based on
holography [e.g., arXiv:1308.2976 for a recent review].

?Hatsuda-Sakaguchi (2003); de Azcarraga, [zquierdo, Picon, Varela (2003);
[zaurieta, Rodriguez, Salgado (2006).
®Quinzacara et al, arXiv:1401.1797; Criséstomo et al, arXiv:1401.2128.
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@ Field content: Gravitational field + Electromagnetic field +
Symmetry breaking matter fields
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@ Field content: Gravitational field + Electromagnetic field +
Symmetry breaking matter fields

Ex. 1: scalar field @ in AdS gravity is related to the order parameter O

in QFT
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@ Field content: Gravitational field + Electromagnetic field +
Symmetry breaking matter fields

Ex. 1: scalar field @ in AdS gravity is related to the order parameter ©
in QFT

Ex. 2: Gauss-Bonnet holographic superconductor + Maxwell field +
Minimally coupled scalar field [e.g., arXiv:1009.1991]

Pirsa: 15040071 Page 37/113



Pirsa: 15040071 Page 38/113




Pirsa: 15040071 Page 39/113




Introduction Expansion methods Accidental symmetries Conclusions

@ Field content: Gravitational field + Electromagnetic field +
Symmetry breaking matter fields

Ex. 1: scalar field @ in AdS gravity is related to the order parameter ©
in QFT

Ex. 2: Gauss-Bonnet holographic superconductor + Maxwell field +
Minimally coupled scalar field [e.g., arXiv:1009.1991]

GB coupling & does not admit the Chern-Simons limit & — «cs .

Our proposal: Studying holographic QFT dual to Chern-Simons
gravity for an expansion of AdS algebra
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@ Field content: Gravitational field + Electromagnetic field +
Symmetry breaking matter fields

Ex. 1: scalar field @ in AdS gravity is related to the order parameter ©
in QFT

Ex. 2: Gauss-Bonnet holographic superconductor + Maxwell field +
Minimally coupled scalar field [e.g., arXiv:1009.1991]

GB coupling a does not admit the Chern-Simons limit « — acg .

Our proposal: Studying holographic QFT dual to Chern-Simons
gravity for an expansion of AdS algebra

As a first step in arXiv:1406.3096 - also in collaboration with G.
Giribet (UBA, Argentina) and J. Zanelli (CECs, Chile) - we studied
static spherically symmetric BH solutions of a CS theory for the most
simple extension of AdS symmetry: so(4,2) x U(1).
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Objective for the first part:

@ To briet‘l_\' describe main properties of the expansion methods.

“Charge is needed for the hnlngr.]phic application.
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Objective for the first part:

@ To briet‘l_\' describe main properties of the expansion methods.

Second part:

@ To show that charged” solutions in CS theory for so(4,2) x U(1)

requires to have non-\'anishing torsion.

“Charge is needed for the hnlngr.\phic application.
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Objective for the first part:

@ To briel‘l_\' describe main properties of the expansion methods.

Second part:

@ To show that charged’ solutions in CS theory for so(4,2) x U(1)
requires to have non-vanishing torsion.

@ To see that degenerated sectors appear in the space of solutions
and explain how this is related to the presence of additional
local symmetries symmetries (called "accidental”).

“Charge is needed for the hnln;.;r.lphic application.
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Objective for the first part:

e To briefl_v describe main properties of the expansion methods.

Second part:

@ To show that charged’ solutions in CS theory for so(4,2) x U(1)
requires to have non-vanishing torsion.

@ To see that degenerated sectors appear in the space of solutions
and explain how this is related to the presence of additional
local symmetries symmetries (called "accidental”).

@ To explain how that knowledge was useful to identify a new
physical solution ; and then why it should be useful in the next
step, when consdering CS theory based on expanded algebras.

“Charge is needed for the hnlngr.\phic application.
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Expansion methods, brief introduction

Expansion methods are examples of procedures giving non-trivial
relations between Lie algebras and groups.
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Expansion methods, brief introduction

Expansion methods are examples of procedures giving non-trivial

relations between Lie algebras and groups.
They allow to understand interrelations between physical theories.

The first example, proposed by L.E. Segal in 1951,
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Expansion methods, brief introduction

Expansion methods are examples of procedures giving non-trivial

relations between Lie algebras and groups.
They allow to understand interrelations between physical theories.

The first example, proposed by L.E. Segal in 1951,

Physics Theories Symmetry Group
Special Theory of _ ‘
Relativity Poincaré's Group
ﬂ (1/c —»0) jj 2
Newtonian <
Mechanics Galileo's group
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Expansion methods, brief introduction

Expansion methods are examples of procedures giving non-trivial

relations between Lie algebras and groups.
They allow to understand interrelations between physical theories.

The first example, proposed by L.E. Segal in 1951,

Physics Theories Symmetry Group
Special Theory of _ ‘
Relativity Poincaré's Group
ll (1/c —»0) 2
Newtonian .
Mechanics Galileo's group
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Inonii-Wigner contraction of G :

[t is made with respect to a subalgebra £, first reescaling elements of
the coset G/ £ by some parameter and then performing a non trivial
limit.
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Inonii-Wigner contraction of G :
[t is made with respect to a subalgebra £, first reescaling elements of
the coset G/ £ by some parameter and then performing a non trivial

[imit.

Example: iso(3,1) from so(3,2)
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Inonii-Wigner contraction of G :

[t is made with respect to a subalgebra £, first reescaling elements of
the coset G/ £ by some parameter and then performing a non trivial
limit.

Example: iso(3,1) from so(3,2)

[/\/1”;,, A/I(‘d] = "/,n‘[\/]!?d — !/leVImf — UmfA/Il?(‘ + }]lr:fA/I”l' . [’, ce. — l, -

..... "l' |t’JdS tO

Reescaling Ms,, = RP,,, with y,v,...
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Inonii-Wigner contraction of G :

[t is made with respect to a subalgebra £, first reescaling elements of

the coset G/ £ by some parameter and then performing a non trivial

limit.

Example: iso(3,1) from so(3,2)

[Aﬂnb, A'/I(‘d] = "/,;(A/Ihf - 'l/b(A/Iﬂd — UmfA'/Il?L‘ -+ }]b:fA/I”l' . Ay [’, p— l, 5 vouy 5

Reescaling Ms,, = RP,, with y,v,...=1,..., 4 leads to

1

Pu P = -

5155M v
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Different mechanisms known as contractions, deformations and

extensions appeared in literature.

Brief history:
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Different mechanisms known as contractions, deformations and

extensions appeared in literature.

Brief history:
@ 1953: Inonii-Wigner contractions
@ 2000 - 2003: Generalized contractions, Weimar Woods

@ 2003: Expansion method, Hatsuda, Sakaguchi
[arXiv:hep-th/0106114] & de Azcarraga, Izquierdo, Picon, Varela
[arXiv: hep-th/0212347]
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Different mechanisms known as contractions, deformations and

extensions appeared in literature.

Brief history:
@ 1953: Inonii-Wigner contractions
@ 2000 - 2003: Generalized contractions, Weimar Woods

@ 2003: Expansion method, Hatsuda, Sakaguchi
[arXiv:hep-th/0106114] & de Azcarraga, Izquierdo, Picon, Varela
[arXiv: hep-th/0212347]

@ 2006: S-expansion method, [zaurieta, Rodriguez, Salgado
[arXiv:heo-th/0606215]
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Advantages and some applications of the S-expansion method:

@ Dil'e(:t .‘,'-U|:’l:‘l'5'\'lnn1t‘ll'ik‘ extension
@ [t provides non trivial invariant tensors for the expanded
algebra (different from the (super)symmetrized trace)

@ That was useful to construct® a CS action for the M-algebra

(which was obtained as an expansion of 0sp(32 |1 ))

SE. Izaurieta, et al, arXiv: 0606225; see also de Azcarraga et al, arXiv:0212347

“F. Izaurieta et al, arXiv:0903.4712

10Edelstein ef al, arXiv:0605174; [zaurieta et al, arXiv:0905.2187; PK. Concha, et al,
arXiv:1309.0062, 1402.0023, arXiv:1405.7078.
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Advantages and some applications of the S-expansion method:

@ Direct supersymmetric extension

@ [t provides non trivial invariant tensors for the expanded
algebra (different from the (super)symmetrized trace)

@ That was useful to construct® a CS action for the M-algebra
(which was obtained as an expansion of 0sp(32 |1 ))

@ A dual formulation” of S-expansion method permits to perform

the expansion at the level of the Lagrangian.

SF. Izaurieta, et al, arXiv: 0606225; see also de Azcarraga et al, arXiv:0212347
9FE 1zaurieta et al, ar Xiv:0903.4712
10Edelstein ef al, arXiv:0605174; Izaurieta et al, arXiv:0905.2187: PK. Concha, ef al,

arXiv:1309.0062, 1402.0023, arXiv:1405.7078.
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