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Holography – Main Idea
aka gauge/gravity duality, aka AdS/CFT correspondence

One of the most fruitful ideas in contemporary theoretical physics:
I The number of dimensions is a matter of perspective

I We can choose to describe the same physical situation using two
different formulations in two different dimensions

I The formulation in higher dimensions is a theory with gravity
I The formulation in lower dimensions is a theory without gravity
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Why Gravity?
The holographic principle in black hole physics

Boltzmann/Planck: entropy of photon gas in d spatial dimensions

Sgauge ∝ volume ∝ Ld

Bekenstein/Hawking: entropy of black hole in d spatial dimensions

Sgravity ∝ area ∝ Ld−1

Daring idea by ’t Hooft/Susskind in 1990ies:

Any consistent quantum theory of gravity could/should have a holo-
graphic formulation in terms of a field theory in one dimension lower

Discovery by Maldacena 1997:

Holographic principle is realized in string theory in specific way

e.g. 〈Tµν〉gauge = TBYµν δaction =
∫

ddx
√
|h|TBYµν δhµν
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Why should I care?
...and why were there > 6300 papers on holography in the past 12 years?

I Many applications!

I Tool for calculations

I Strongly coupled gauge theories (difficult) mapped to semi-cassical
gravity (simple)

I Quantum gravity (difficult) mapped to weakly coupled gauge theories
(simple)

I Sometimes both limits accessible: integrability of N = 4 SYM

I Examples of first type: heavy ion collisions at RHIC and LHC,
superfluidity, type II superconductors (?), cold atoms (?), ...

I Examples of the second type: microscopic understanding of black
holes, information paradox, Kerr/CFT (?), 3D quantum gravity (?), ...

We can expect many new applications in the next decade!
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Why gravity in three dimensions?
“As simple as possible, but not simpler”

Gravity simpler in lower dimensions

11D: 1144 Weyl, 66 Ricci, 5D: 35 Weyl, 15 Ricci, 4D: 10 Weyl, 10 Ricci
3D: no Weyl, 6 Ricci, 2D: no Weyl, 1 Ricci

2D gravity: black holes!

Applications:
I Solve conceptual problems of (quantum) gravity

I Approximate geometry of cosmic strings/particles confined in plane

I Holographic tool for 2D condensed matter systems

pioneering work by Deser, Jackiw and Templeton in 1980ies
2007 Witten rekindled interest in 3D gravity
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Cosmological topologically massive gravity (CTMG)

Action!

ICTMG =
1

16πG

∫
d3x
√
−g
[
R+

2
`2

+
1

2µ
ελµν Γρλσ

(
∂µΓσνρ +

2
3

ΓσµτΓτ νρ
)]

Equations of motion:

Gµν +
1
µ
Cµν = 0

I Gravitons (topologically massive spin 2 excitations)

I Black holes (BTZ)

I Asymptotically anti-deSitter solutions (AdS/CFT!?)

I Higher derivative terms (third derivatives in EOM)

I Parity violating Chern–Simons term

I Related theory 2009: new massive gravity

Properties of CTMG
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AdS/CFT – but which CFT?
Chiral versus logarithmic

Pre-cursor of AdS/CFT: Brown–Henneaux 1986

3D quantum gravity on AdS dual to 2D CFT with cL = cR = 3/2GN

Constant time slice of EAdS3

I Boundary of AdS3: cylinder

I Dual CFT on cylinder

I Characterized by central charges

I cL = cR in Einstein gravity

I cL 6= cR in CTMG

I cL = (1− 1/µ`) 3/2GN
I Chiral point: µ` = 1
I At chiral point cL = 0
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A tempting conjecture

Observation:

At chiral point cL = 0

Chiral gravity conjecture (Li, Song, Strominger 2008):

CFT dual to CTMG exists and is chiral

Why would that be useful?

I Nice toy model for quantum gravity without strings

I Entropy of BTZ black hole: microstate counting

I Partition function factorizes holomorphically: Z = ZRZL = ZR
I Partition function calculated already!

However...
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Another tempting conjecture

Observation (E: energy, J : angular momentum):

(E + J)
(

log
left

)
=
(

2 1
2

0 2

)(
log
left

)
,

(E − J)
(

log
left

)
=
(

0 1
2

0 0

)(
log
left

)
.

Such a Jordan form of E ± J is defining property of a logarithmic CFT!
Logarithmic gravity conjecture (Grumiller, Johansson 2008):

CFT dual to CTMG exists and is logarithmic

I Logarithmic CFT: not unitary and not chiral!

I Either logarithmic or chiral CFT dual (or none)

I Until recently unknown which of these alternatives is realized!
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Consistency checks

I Performed various consistency checks with Niklas Johansson

I All of them pointed towards validity of logarithmic conjecture

I Recently: Skenderis, Taylor, van Rees calculated 2-point correlators

I In progress: Calculation of 2- and 3-point correlators with Ivo Sachs

Results:

〈right(z, z̄) right(0)〉 =
cR
2z̄4

(1)

〈left(z, z̄) log(0)〉 = − b

2z4
(2)

〈log(z, z̄) log(0)〉 =
2b ln (m2|z|2)

z4
(3)

These are precisely the 2-point correlators of a logarithmic CFT!

3-point correlators also consistent with logarithmic CFT conjecture
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I All of them pointed towards validity of logarithmic conjecture

I Recently: Skenderis, Taylor, van Rees calculated 2-point correlators

I In progress: Calculation of 2- and 3-point correlators with Ivo Sachs

Results:

〈right(z, z̄) right(0)〉 =
cR
2z̄4

(1)

〈left(z, z̄) log(0)〉 = − b
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Conclusion

I Cosmological topologically massive gravity at the chiral point is an
intersting gravitational theory in three dimensions

I Its dual CFT was conjectured to be logarithmic in work with Niklas
Johansson 2008

I Conjecture confirmed by calculations of correlators (Skenderis, Taylor
and van Rees 2009, and Grumiller and Sachs 2009)

I CTMG probably not good toy model for quantum gravity
Needs unitary completion or truncation
Exciting possibility: gravity duals to strongly coupled
logarithmic CFTs in condensed matter physics
Examples: turbulence, critical polymers, percolation, disordered
systems, sandpile model, quantum Hall effect, ...

It seems we have uncovered yet-another interesting chapter in the epic
AdS/CFT saga...
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Thank you for your attention!

Thanks to Bob McNees for providing the LATEX beamerclass!
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