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Introduction

» The gauge/gravity duality is believed to be more general that
the relation between string theory on AdSsx S° and 4
dimensional AV = 4 SYM in the large N limit.

» Relate (classical) gravities in d + 1 dimensions to
d-dimensional CFT's

» The duality has become an important tool in studying
strongly correlated conformal field theories (CFT)

» Here we will consider gravity duals to Logarithmic CFT's
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» Conformal Field Theories are invariant under scale
transformations that leave angles invariant
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Introduction

Introduction I

» Conformal Field Theories are invariant under scale
transformations that leave angles invariant

» In conformal field theories correlation functions behave as

C

(0i(x)0;(y)) = 5Um
and there exist an Hamiltonian that is diagonizable

[H,Oi] = B0,
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Introduction Il1

» Logarithmic CFT’s arise when two operators degenerate in all
quantum numbers

» The Hamiltonian is no longer diagonizable and operators
acquire a ‘logarithmic partner’ 0'°8

[H, 0] = BOE + 0, [H,0]] = B0
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Introduction

Introduction Il1

» Logarithmic CFT’s arise when two operators degenerate in all
quantum numbers

» The Hamiltonian is no longer diagonizable and operators
acquire a ‘logarithmic partner’ 0'°8

[H, 0P8 = B0 + 0, [H,0i] = EO;
» Correlators involve logarithmic terms
(Oi(x)0i(y)) =0
b
log . R S
<Oi (X)Oj(y» 6IJ |X _ y\2A )

b
(OFE(x)0%(y)) = 5Um(2 log [x — y| + )
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AdS/Log CFT from Massive Gravity

Applications of AdS/CFT in Condensed Matter Non-relativistic Holography

Massive Gravity

Supplement Einstein-Hilbert gravity with cosmological constant
and interaction with up to four derivatives of the metric.

Laovae =0oR — 2\m?

» Einstein term with cosmological constant
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AdS/Log CFT from Massive Gravity

Applications of AdS/CFT in Condensed Matter Non-relativistic Holography

Massive Gravity

Supplement Einstein-Hilbert gravity with cosmological constant
and interaction with up to four derivatives of the metric.

1
Ltyma =0R — 2)\m2 + ;ELCS

» Einstein term with cosmological constant

> TOpOIOgK:a“y MaSSIve GraVIty (TMG) [Deser, Jackiw, Templeton; 1988]
Lorentz Chern-Simons term:

2
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AdS/Log CFT from Massive Gravity

Applications of AdS/CFT in Condensed Matter Non-relativistic Holography

Massive Gravity

Supplement Einstein-Hilbert gravity with cosmological constant
and interaction with up to four derivatives of the metric.

1
Lavc = o0R — 2)\m2 + PﬁRz

» Einstein term with cosmological constant

> NeW MaSS|Ve GraV|ty (NMG) [Bergshoeff, Hohm, Townsend, 2009]
R? term in 3 dimensions:

Lre = Ry R"™ — gR2
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AdS/Log CFT from Massive Gravity

Applications of AdS/CFT in Condensed Matter Non-relativistic Holography

New Massive Gravity in d dimensions

1 1
S= / d¥xv—g {UR —2Am* + 2@#”5,“,}
K m

with
1

After linearization around an AdS background one can distinguish
two cases, depending on the value of

_ A1
T T m2d 1
» & = 0 = critical gravity

» & # 0 = non-critical gravity
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AdS/Log CFT from Massive Gravity

Applications of AdS/CFT in Condensed Matter Non-relativistic Holography

Non-critical Gravity

The linearized Lagrangian has the general structure of [sergshoeff, Hohm,

Rosseel, Townsend, 2010]

1
m*5(d — 1)2(d — 2)2

L2 = GLen(h) - Lra(K)

> 2 massless spin-2 modes, 2 massive spin-2 modes
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Applications of AdS/CFT in Condensed Matter Non-relativistic Holography

Non-critical Gravity

The linearized Lagrangian has the general structure of [sergshoeff, Hohm,

Rosseel, Townsend, 2010]

1

mia(d — 12(d — 22 R (k)

L2 =5Len(h) —

> 2 massless spin-2 modes, 2 massive spin-2 modes
| 2 d = 3

» Lgy does not propagate physical modes, only ‘boundary
gravitons’. Only physical modes are propagated by Lg:.
Unitary for & < 0

v
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AdS/Log CFT from Massive Gravity

Applications of AdS/CFT in Condensed Matter Non-relativistic Holography

Non-critical Gravity

The linearized Lagrangian has the general structure of [sergshoeff, Hohm,

Rosseel, Townsend, 2010]

1
m*5(d — 1)2(d — 2)2

L2 = GLen(h) - Lra(K)

> 2 massless spin-2 modes, 2 massive spin-2 modes
»d=3
» Lgy does not propagate physical modes, only ‘boundary
gravitons’. Only physical modes are propagated by Lg:.
» Unitary for 5 <0
»d>3

» Ley and L2 have opposite sign = non-unitary
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AdS/Log CFT from Massive Gravity

Applications of AdS/CFT in Condensed Matter Non-relativistic Holography

Critical Gravity

The linearized equations of motion can be reduced to:

(O~ @ ") (O~ i) =

with
M? = —m?(d — 2)&
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Critical Gravity

The linearized equations of motion can be reduced to:

(O~ @ ") (O~ i) =

with
M? = —m?(d — 2)&

» At & = 0 the massive modes degenerate with the massless (or
boundary) modes.
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AdS/Log CFT from Massive Gravity

Applications of AdS/CFT in Condensed Matter Non-relativistic Holography

Critical Gravity

The linearized equations of motion can be reduced to:

(O~ @ ") (O~ i) =

with
M? = —m?(d — 2)&

» At & = 0 the massive modes degenerate with the massless (or
boundary) modes.

» A new solution can be found, which solves

2
(D — m) hi°8 = 0, but does not solve

(D — m) hi%8 = 0. This is the logarithmic mode.
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AdS/Log CFT from Massive Gravity

Applications of AdS/CFT in Condensed Matter Non-relativistic Holography

AdS/Log CFT

» In d = 4, the log mode is hif,)g = (iT + log(cosh? p))h/'fl’,:0
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Applications of AdS/CFT in Condensed Matter AdS/‘Log .C.F.I.- tom Masslve Sty
Non-relativistic Holography

AdS/Log CFT

» In d = 4, the log mode is hif,)g = (it + log(cosh? p))h/'fl’,:0

» Following the AdS/CFT dictionary for computing correlation
functions on the boundary, at the critical point the correlators
form a Logarithmic Conformal Field Theory.

[Skenderis, Taylor, van Rees, 2008; Grumiller, Hohm, 2010]

(OM=2(x)0"=(y)) =0,

lo M=0 _ b
(OO y)) = g
(05(x)01%%()) = |X_1y,2A (~2by log |x — y| + A) .

where b; is the ‘new anomaly’
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Applications of AdS/CFT in Condensed Matter Non-relativistic Holography

Non-relativistic holography

» Anisotropic scaling: x — Ax, t — A\t
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AdS/Log CFT from Massive Gravity

Applications of AdS/CFT in Condensed Matter Non-relativistic Holography

Non-relativistic holography

» Anisotropic scaling: x — Ax, t — A\t

» Lifshitz symmetry group with generators Mj;, P;, H, D which
obey the Lifshitz algebra:

[D7 MU] = O, [D, P,] = iP,', [D7 H] = /zH .
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I . AdS/Log CFT from Massive Gravity
Applications of AdS/CFT in Condensed Matter Non-relativistic Holography

Non-relativistic holography

» Anisotropic scaling: x — Ax, t — A\t

» Lifshitz symmetry group with generators Mj;, P;, H, D which
obey the Lifshitz algebra:

[D7 MU] = O, [D, P,] = iP,', [D7 H] = /zH .

» Symmetries are realized geometrically on the gravitational side
by the Lifshitz metric [Kachru, Liu, Mulligan; 2008]

1 1 1
2 _ g2 2 2
dSLich1 =1L <r22dt + ﬁdr + rdeaan> .
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Non-relativistic Logarithmic CFT

Non-relativistic LCFT's

» Looking for a non-relativistic scaling version of the AdS/LCFT
correspondence
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Non-relativistic Logarithmic CFT

Non-relativistic LCFT's

» Looking for a non-relativistic scaling version of the AdS/LCFT
correspondence

» Employ a simple scalar model of Critical Massive Gravity

(O—m)(O—m3)p=0
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Non-relativistic Logarithmic CFT

Non-relativistic LCFT's

» Looking for a non-relativistic scaling version of the AdS/LCFT
correspondence

» Employ a simple scalar model of Critical Massive Gravity
(O —mi) (O - m3)¢ =0

» Taken in a Lifshitz background, we find logarithmic modes at

the critical point m? = m3

1
A—(d+z-1)

§5(t%) = l0g(r) ¢°(£. )
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Non-relativistic Logarithmic CFT

Non-relativistic Logarithmic CFT

By calculating correlation functions on the boundary of the Lifshitz
spacetime we argue that there is an non-relativistic scaling version
of an Logarithmic Conformal Field Theory, defined by

[Bergshoeff, de Haan, WM, Rosseel '11]
<Os(tl7 Xl)Os(t27 X2)> =0 )
1

(08 (t1,%1)O%(t2, %2)) = mf(x) ;
1

T (—g(x)log|x1 — xa| + A
—X2|2A( g(x)log|x1 —x2| + A) ,

(018 (t1,x1) 0" (1, x2)) = x
1

with f(x), g(x) functions of the scale invariant variable y = %
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» We proposed a non-relativistic LCFT, purely through
holographic reasoning.
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Conclusions and Outlook

Conclusions and Outlook

» We proposed a non-relativistic LCFT, purely through
holographic reasoning.

» Non-relativistic LCFT correlation functions agree with what
one would expect from scaling arguments.

» We worked with a scalar model, which shares a lot of features
of massive (critical) gravity.

» Further steps would be to consider the full gravitational
theory, since both TMG and NMG exhibit Lifshitz vacua.
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Conclusions and Outlook

The End

Thank you for your attention!
Questions?
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