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Motivation for studying gravity in 2 and 3 dimensions

» Quantum gravity

>

>

>

>

>

Address conceptual issues of quantum gravity

Black hole evaporation, information loss, black hole microstate
counting, virtual black hole production, ...

Technically much simpler than 4D or higher D gravity
Integrable models: powerful tools in physics

Models should be as simple as possible, but not simpler

» Gauge/gravity duality + indirect physics applications

>
>
>
>
>

>

Deeper understanding of black hole holography

AdS3/CFT; correspondence best understood

Quantum gravity via AdS/CFT

Applications to 2D condensed matter systems

Gauge gravity duality beyond standard AdS/CFT: warped AdS, Lifshitz,
Schrédinger, non-relativistic or log CFTs, higher spin holography ...
Flat space holography

» Direct physics applications

>

>

>

Cosmic strings
Black hole analog systems in condensed matter physics
Effective theory for gravity at large distances
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Why particularly three dimensions?

» Simple
» Riemann ~ Ricci, only 6 independent components
» can linearly combine Cartan variables,
A% = ae®Cuy. + Be® = aw® + Pet
» Einstein—Hilbert gravity is topological field theory
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Why particularly three dimensions?

» Simple
» Riemann ~ Ricci, only 6 independent components
» can linearly combine Cartan variables,
A% = ae®Cuy. + Be® = aw® + Pet
» Einstein—Hilbert gravity is topological field theory
» Not too simple
» One dimension: no interesting geometry
» Two dimensions: no gravitons (not even off-shell), no sizable black
hole horizons, dual field theories typically quantum mechanics
» Three dimensions: gravitons (off-shell, in some models on-shell), black
holes with S topology, dual field theories typically QFT in two
dimensions, not all metrics locally conformally flat
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Why particularly three dimensions?

» Simple
» Not too simple
> easier to establish (e.g. AdS3/CFT3)
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Why particularly three dimensions?

v

Simple

v

Not too simple
> easier to establish (e.g. AdS3/CFT3)
Can build topological models (Chern—Simons)

v

v

Can build non-topological models (massive gravity, see lectures by de
Rahm, Townsend, Tolley, Volkov, Babichev and Spindel)
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Why particularly three dimensions?

» Simple

» Not too simple

> easier to establish (e.g. AdS3/CFT3)

» Can build topological models ( )

» Can build non-topological models (massive gravity, see lectures by de
Rahm, Townsend, Tolley, Volkov, Babichev and Spindel)

» Some recent breakthroughs: chiral gravity, AdS/log CFT
correspondence (see talk by Zojer), new massive gravity theories (see
lectures by Townsend, Bergshoeff and Merbis), higher spin gravity
(see lectures by Vasiliev and Troncoso), :

(see talk by Matulich), to be discovered...
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Why particularly three dimensions?

» Simple

» Not too simple

> easier to establish (e.g. AdS3/CFT3)

» Can build topological models ( )

» Can build non-topological models (massive gravity, see lectures by de
Rahm, Townsend, Tolley, Volkov, Babichev and Spindel)

» Some recent breakthroughs: chiral gravity, AdS/log CFT
correspondence (see talk by Zojer), new massive gravity theories (see
lectures by Townsend, Bergshoeff and Merbis), higher spin gravity
(see lectures by Vasiliev and Troncoso), :

(see talk by Matulich), to be discovered...

Three dimensional gravity models
continue to surprise and teach us!
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Chern—Simons and gravity in 3 dimensions

Chern—=Simons summary (see lectures by Jorge Zanelli!)

Reminder: A is some connection 1-form, e.g. sl(N); @ sl(NN)_j connection
Chern-Simons (CS) 3-form CS(A) = AdA+2ANANA
Variation: §CS(A) = 2F + d(A A JA)
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Chern—Simons and gravity in 3 dimensions
Chern—=Simons summary (see lectures by Jorge Zanelli!)

Reminder: A is some connection 1-form, e.g. sl(N); @ sl(NN)_j connection
Chern=Simons (CS) 3-form CS(A) = AdA + %A NANA
Variation: §CS(A) = 2F + d(A A JA)
Action (M is topologically a cylinder):
I[A] = * / Tr CS(A) + L / Tr (AydztA_da™)
M A Jom

7

EOM:
F=0

Boundary conditions:

6A_[om =0 or  Ailagm =0
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Chern—Simons and gravity in 3 dimensions
Chern—=Simons summary (see lectures by Jorge Zanelli!)

Reminder: A is some connection 1-form, e.g. sl(N); @ sl(NN)_j connection
Chern=Simons (CS) 3-form CS(A) = AdA + %A NANA

Variation: §CS(A) = 2F + d(A A JA)

Action (M is topologically a cylinder):

I[A] = * / Tr CS(A) + 4£ / Tr (AydztA_da™)
M oM

7

EOM:
F=0

Boundary conditions:
0A_Jopm =0 or  Ailom =0
Gauge transformations:
ScA=de+[Ae] & 0AL=0u" + U AE”

Number of local physical degrees of freedom: 0
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Chern—Simons and gravity in 3 dimensions
Gravity as Chern—Simons theory

Einstein—Hilbert action:

1 , 2

Negative cosmological constant: A = —%2 where £ = AdS radius
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Chern—Simons and gravity in 3 dimensions
Gravity as Chern—Simons theory

Einstein—Hilbert action:

1 , 2

Negative cosmological constant: A = —%2 where £ = AdS radius
Cartan formulation:

IEHN/(e“/\Ra—i—gzeabce A e /\e)

with
Ry = dwg + €qpew?® A W€
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Chern—Simons and gravity in 3 dimensions
Gravity as Chern—Simons theory

Einstein—Hilbert action:

1 ; 2
Ton = —{5:G0 /dx 9l (R+ )

Negative cosmological constant: A = —%2 where £ = AdS radius
Cartan formulation:

IEHN/(e“/\Ra—i—gzeabce A e /\e)

with
Ry = dwg + €qpew?® A W€
Achucarro, Townsend '86, Witten '88: define
A=w+te A=w-—1te = g =3 Tr (A= A),(A-A),)
Einstein—Hilbert action in Cartan formulation equivalent to [k = ¢/(8G n)]

/\' . . N 11\' ' -
Iy = o /(‘S(;’l) i / S(A) = sl(2)x @ sl(2)_ CS theory
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Chern—Simons and gravity in 3 dimensions

Topologically massive gravity (see lectures by Paul Townsend and Eric Bergshoeff)
Deser, Jackiw, Templeton '82: Topologically Massive Gravity

1
N2 Gu

2
Itve = Ign + /d3x —g z’:‘)‘wj I'’\o (auFpr + = FUHTFTVP)

3

EOM: )
Raﬂ - %gaﬁR_ g%ga,é’_" ;Caﬁ =0
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Chern—Simons and gravity in 3 dimensions
Topologically massive gravity (see lectures by Paul Townsend and Eric Bergshoeff)

Deser, Jackiw, Templeton '82: Topologically Massive Gravity

1
N2 Gu

2
/d?’x —g MV TP (8“1“"14) + = I“’WFTI,p)

ITMG = IEH + 3

EOM: )
Raﬁ - %gaﬁR_ g%gaB_F ;Coc,@ =0

Some features:

» Local physical degree of freedom (massive graviton)
AdS solutions like BTZ black holes
non-AdS solutions (warped, Lifshitz, Schrodinger)

v

\4

\4

chiral gravity (Li, Song, Strominger '08)

v

AdS/log CFT correspondence (Grumiller, Johansson '08)
> interesting (Bagchi et al. '12, '13)
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Chern—Simons and gravity in 3 dimensions
Conformal gravity (see talk by Xavier Bekaert)

Conformal Gravity:

A.

n

L k 2
/ CS(I') = i /d31’ ) e I'\o (8MFUV,0 + 3 FUMTFTVP)

I(,‘\‘G =

EOM:
Cw=0
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Chern—Simons and gravity in 3 dimensions
Conformal gravity (see talk by Xavier Bekaert)

Conformal Gravity:

/\'

/"

o k 2
/ cs(I) = o / Bry/=geM T, (0,1, + gr",”rzp)

Iooo =

EOM:
Cuw =0

Some features:

» No local physical degree of freedom (partial masslessness)
Weyl symmetry g — ge*®
AdS solutions like BTZ black holes
> rich depending Weyl factor bc's (Afshar et al '11)
» non-AdS solutions (Lobachevsky, flat, dS)
» flat space chiral gravity (Bagchi, Detournay, Grumiller '12)

v

v
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algorithm from gravity point of view

Universal recipe & Outline of lectures:
1. Identify bulk theory and variational principle
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Universal recipe & Outline of lectures:
1. Identify bulk theory and variational principle

2. Fix background and impose suitable boundary conditions
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Universal recipe & Outline of lectures:
1. Identify bulk theory and variational principle
2. Fix background and impose suitable boundary conditions

3. Perform canonical analysis and check consistency of bc's
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algorithm from gravity point of view

Universal recipe & Outline of lectures:

1.

Identify bulk theory and variational principle

2. Fix background and impose suitable boundary conditions
3.
4

. Derive (classical) asymptotic symmetry algebra and central charges

Perform canonical analysis and check consistency of bc's
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algorithm from gravity point of view

Universal recipe & Outline of lectures:

1.

AR

Identify bulk theory and variational principle

Fix background and impose suitable boundary conditions

Perform canonical analysis and check consistency of bc's

Derive (classical) asymptotic symmetry algebra and central charges

Improve to quantum ASA
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algorithm from gravity point of view
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1.

AR

Identify bulk theory and variational principle

Fix background and impose suitable boundary conditions

Perform canonical analysis and check consistency of bc's

Derive (classical) asymptotic symmetry algebra and central charges
Improve to quantum ASA

Study unitary representations of quantum ASA
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algorithm from gravity point of view

Universal recipe & Outline of lectures:

1.

No ok e

Identify bulk theory and variational principle

Fix background and impose suitable boundary conditions

Perform canonical analysis and check consistency of bc's

Derive (classical) asymptotic symmetry algebra and central charges
Improve to quantum ASA

Study unitary representations of quantum ASA

Identify/constrain dual field theory
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algorithm from gravity point of view

Universal recipe & Outline of lectures:

1.

© N O Ok WD

Identify bulk theory and variational principle

Fix background and impose suitable boundary conditions

Perform canonical analysis and check consistency of bc's

Derive (classical) asymptotic symmetry algebra and central charges
Improve to quantum ASA

Study unitary representations of quantum ASA

Identify/constrain dual field theory

If unhappy with result go back to previous items and modify
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algorithm from gravity point of view

Universal recipe & Outline of lectures:

1.

© N O Ok WD

Identify bulk theory and variational principle

Fix background and impose suitable boundary conditions

Perform canonical analysis and check consistency of bc's

Derive (classical) asymptotic symmetry algebra and central charges
Improve to quantum ASA

Study unitary representations of quantum ASA

Identify/constrain dual field theory

If unhappy with result go back to previous items and modify

)

Goal of these Iectures:)

Apply algorithm above to describe theories

includes gravity and higher spin gravity; AdS, non-AdS and flat space
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algorithm from gravity point of view

Identify bulk theory and variational principle

Fix background and impose suitable boundary conditions

Perform canonical analysis and check consistency of bc's

Derive (classical) asymptotic symmetry algebra and central charges
Improve to quantum ASA

Study unitary representations of quantum ASA

No o~ b=

Identify/constrain dual field theory
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Bulk theory and variational principle

CS theory with some gauge algebra; typically contains si(2) x si(2)

I = Is[A] — Ies[A4]

with
Ics[A]zﬁ Tr(A/\dA+%A/\A/\A)+B[A]
47 M
and
k n _
B[A] = — [ Tr(Aydz™ A_dz")
4m Jom

Gauge invariant if infinitesimal gauge parameter obeys boundary condition
8—6‘8/\/{ =0
Variational principle consistent for
5A,‘BM:0 or AJF‘@M:O

Bar-sector works similarly, exchanging +
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Holographic algorithm from gravity point of view

Identify bulk theory and variational principle

Fix background and impose suitable boundary conditions

Perform canonical analysis and check consistency of bc's

Derive (classical) asymptotic symmetry algebra and central charges
Improve to quantum ASA

Study unitary representations of quantum ASA

No o~ b=

Identify/constrain dual field theory
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Background and fluctuations

Take suitable group element b (often: b = e”%0) and make Ansatz for

connection
A=b"1 (&(0) +a® 4 a(l)) b

» 40 ~ O(1): determines asymptotic background
» al® ~ O(1): determines state-dependent fluctuations
» a) ~ o(1): sub-leading fluctuations

Bar-sector is analog
Boundary-condition preserving gauge transformations generated by ¢

e=b""1 (6(0) + 6(1)) b

with €(© ~ O(1) (subject to constraints) and €M) ~ o(1)
Metric is then determined from

o = 5 T [(A = 2,4 - ),
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Example: Lobachevsky holography in sl(3) gravity

Lobachevsky plane Lobachevsky background (z* =t, 2= = ¢):
times time:

ds? = dt? + dp? + sinh?p d?
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Example: Lobachevsky holography in sl(3) gravity

Lobachevsky plane Lobachevsky background (z* =t, = = ¢):

times time:
ds? = dt? + dp? + sinh?p d?

sl(3) with si(2) non-principally embedded:

/1 0 0 0
Lo=-[ 0o o o Li=| o
2 0o 0 -1

-
coco
coco

~——

=~
|
-

Il
I/
coco
coco

o o

?)

plus four more doublet generators wil, 1,[};1
3 3

sl(2) weights:

[Li1, Lol = £L4+1 [S, Lo] =0 Wi%, Lo) = i%wi%
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Example: Lobachevsky holography in sl(3) gravity

Lobachevsky plane Lobachevsky background (z* =t, = = ¢):
times time:

ds? = dt? + dp? + sinh?p d?

Connections in n-p embedding of spin-3 gravity:

Ap:LO A,,:—LO

1 _
A(p: —Zele A(p: —epL_l
A =0 A, =38

Indeed a(?) is p-independent for b = erLo

Daniel Grumiller — Holographic Chern—Simons Theories 14/32



Example: Lobachevsky holography in sl(3) gravity

Lobachevsky plane Lobachevsky background (z* =t, = = ¢):
times time:

ds? = dt? + dp? + sinh?p d?

Connections in n-p embedding of spin-3 gravity:

A, =Ly A,= — Lo

1 _
A(p: —Zele A(p: —epL_l
A =0 A, =38

Indeed a(?) is p-independent for b = erLo
Fluctuations:

2 - -
a) = = (BWo()S + W (), = Wi (V7 — L(9)L-1)
a&l) = O(e %)
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Holographic algorithm from gravity point of view

Identify bulk theory and variational principle

Fix background and impose suitable boundary conditions

Perform canonical analysis and check consistency of bc's

Derive (classical) asymptotic symmetry algebra and central charges
Improve to quantum ASA

Study unitary representations of quantum ASA

No o~ b=

Identify/constrain dual field theory
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Canonical analysis and boundary charges

Story a la Brown—-Henneaux: bulk generators of gauge transformations
acquire boundary pieces, the canonical boundary charges Q|e]
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Canonical analysis and boundary charges

Story a la Brown—-Henneaux: bulk generators of gauge transformations
acquire boundary pieces, the canonical boundary charges Q|e]

Background independent result:

k
5l = o f T (€@ 500 dy)

v

Manifestly finite!

v

Non-trivial?

v

Integrable?

v

Conserved?
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Canonical analysis and boundary charges

Story a la Brown—-Henneaux: bulk generators of gauge transformations
acquire boundary pieces, the canonical boundary charges Q|e]

Background independent result:

k
5l = o f T (€@ 500 dy)

v

Manifestly finite!

v

Non-trivial?

v

Integrable?

v

Conserved?

If any of these is answered with ‘no’
then back to square one in algorithm!
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Example: Lobachevsky holography

Split boundary preserving gauge trafos into components:

€ =1 Li+eT YT +eT T +eb Lotey S+e vt +e ¥ +e 1Ly
2 2 2 2 2 2 2 2

Solving constraint that gauge trafos generated by ¢(©) preserve boundary

conditions
D+ e 0 +0f9)'0 = Ol

yields results for components of ¢(©)

a=dp)  G=dle)  d=10) d=al
¢, =4 (0) 7 4,: (Wi (P)ele) — 3Wb(0) ()

o1 = 8(9) + T (2L(P)eli) + WL (D)e] (0) + WL (0 ()

2
Canonical charges:

Qe = y{dgp (Le + Woeo + Wgeg + qu)
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Holographic algorithm from gravity point of view

Identify bulk theory and variational principle

Fix background and impose suitable boundary conditions

Perform canonical analysis and check consistency of bc's

Derive (classical) asymptotic symmetry algebra and central charges
Improve to quantum ASA

Study unitary representations of quantum ASA

No o~ b=

Identify/constrain dual field theory
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Classical asymptotic symmetry algebra

Dirac bracket algebra of canonical boundary charges:

{Qle1], Qlea]} = be, Qlen]

» Either evaluate left hand side directly (Dirac brackets)

» Or evaluate right hand side (usually easier)

[ Exactly like in seminal Brown—Henneaux work! ]
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Example: Lobachevsky holography

Dirac bracket algebra of canonical boundary charges:

(o), L(9)} = ~4(2£ (0~ §) ~ L'5(p ~ 7)) ~ 26" (5~ p)

(L) Wo(@)} = 0
(L) WE @)} = —4(§w§6’<¢ — @) — (WE £ TWEN0)s(e - 9))
Wol), Wol@)} = 3-8~ 9)
Mole). Wi ()} = iWié(so ?)
) Wg(@} = £3(p— @) — 4 - IMd (o — ) + G
~ TTWW)o( — §) — oo~ 7))

2k
Note: second and third line require Sugawara-shift

ﬁ—)ﬁ—%rWoWoEﬁ

Daniel Grumiller — Holographic Chern—Simons Theories 20/32



. continued

Replace Dirac brackets by commutators and make Fourier expansions

2k
[Jn7 Jm] = _gnén—‘rm,()
[Jna im} = nJptm
[In, Gi] = iGrjfwn

~ A ~ Cc

[Ln, Gyr] = (g - m)Gi

n+m

- A 3 3 1
[G:L_, Gm] = Lm+n + i(m - n)Jm+n + % Z Jernprp =+ k‘(n2 — Z)(Sern’O
PEZL

Semi-classical (large k) Polyakov—Bershadsky algebra W?SQ)

Note: resembles N = 2 superconformal algebra
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Holographic algorithm from gravity point of view

Identify bulk theory and variational principle

Fix background and impose suitable boundary conditions

Perform canonical analysis and check consistency of bc's

Derive (classical) asymptotic symmetry algebra and central charges
Improve to quantum ASA

Study unitary representations of quantum ASA

No o~ b=

Identify/constrain dual field theory
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Quantum asymptotic symmetry algebra

Introducing normal ordering in expressions like
S Tl =Y Tnpdy+ > pduyp
PEZL p>0 p<0

can make semi-classical algebra inconsistent

First example | am aware of: Henneaux—Rey 2010 in spin-3 AdS gravity

[ Quantum violations of Jacobi-identities possible! ]

Resolution: deform suitable structure constants/functions and demand
validity of Jacobi identities
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Example: Lobachevsky holography

Five deformation parameters in [J, J] and [GT,G]
Solving Jacobi identities yields (quantum) Polyakov—Bershadsky algebra

2k + 3
[Jna Jm] = ;_ n6n+m,0

[Jna f/m} = aner

[Jnv éri] = :I:G;l::z-i-n
s L] = (1= 1) B+ 25007 = iy
Lo, Gl = (5 = m) Gy
(G, Gl = —(k +3) Lo + ;(l% + 1) —m) Tt +33 ¢ Tnepdy
PEZ
N (k+ 1);212: +3) (n? %)%WO

with central charge é = —(2k + 3)(3k + 1)/(k + 3) = —6k + O(1)
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Holographic algorithm from gravity point of view

Identify bulk theory and variational principle

Fix background and impose suitable boundary conditions

Perform canonical analysis and check consistency of bc's

Derive (classical) asymptotic symmetry algebra and central charges
Improve to quantum ASA

Study unitary representations of quantum ASA

No o~ b=

Identify/constrain dual field theory
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Unitary representations of quantum asymptotic symmetry algebra

Standard questions:

v

Is %(1) level non-negative?

v

Is central charge non-negative?

v

Are there any negative norm states?

Are there null states?

v

[ To be decided on case-by-case basis! ]
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Example: Lobachevsky holography
Non-negativity of @ (1) level:
P> o3
- 2

Non-negativity of central charge:

[ Positive and negative norm states, unless pre-factor vanishes ]

Only two possible values of level k compatible with unitarity:

F=-1 or h=-o
2
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Holographic algorithm from gravity point of view

Identify bulk theory and variational principle

Fix background and impose suitable boundary conditions

Perform canonical analysis and check consistency of bc's

Derive (classical) asymptotic symmetry algebra and central charges
Improve to quantum ASA

Study unitary representations of quantum ASA

No o~ b=

Identify/constrain dual field theory
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Identify or at least constrain dual field theory

[ Collect all clues and make reasonable guess! ]

1 7 4
5 3|2
6|7 9
4 8
2 1
5
4 3
7|13 6
6 5
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Example: Lobachevsky holography

Unitary case k = —% has vanishing central charge, ¢ = 0:

[ Only state in theory is vacuum! ]
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[ Only state in theory is vacuum! ]

Unitary case k=—1

» Unity central charge, ¢ =1
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Example: Lobachevsky holography

Unitary case k = —% has vanishing central charge, ¢ = 0:

[ Only state in theory is vacuum! ]

Unitary case k=—1
» Unity central charge, ¢ =1
> All half-integer states are null states
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Example: Lobachevsky holography

Unitary case k = —% has vanishing central charge, ¢ = 0:

[ Only state in theory is vacuum! ]

Unitary case k=—1
» Unity central charge, ¢ =1
> All half-integer states are null states
» Virasoro generators determined from current generators:

n’O Z J- aner |>

pEZ

Daniel Grumiller — Holographic Chern—Simons Theories 30/32



Example: Lobachevsky holography

Unitary case k = —% has vanishing central charge, ¢ = 0:

[ Only state in theory is vacuum! ]

Unitary case k=—1

» Unity central charge, ¢ =1

v

All half-integer states are null states
» Virasoro generators determined from current generators:

n’O Z J- aner |>

pEZ

Positive norm states:

v

J™ TN o)

—n1 —nN
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Example: Lobachevsky holography

Unitary case k = —% has vanishing central charge, ¢ = 0:

[ Only state in theory is vacuum! ]

Unitary case k=—1

» Unity central charge, ¢ =1

v

All half-integer states are null states

» Virasoro generators determined from current generators:

n’O Z J- aner |>

pEZ

» Positive norm states:
JUL TN 10)

—n1 —nN

v

Bar-sector: only affine @(1) algebra with positive level
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Example: Lobachevsky holography

Unitary case k = —% has vanishing central charge, ¢ = 0:

[ Only state in theory is vacuum! ]

Unitary case k=—1

» Unity central charge, ¢ =1

v

All half-integer states are null states
» Virasoro generators determined from current generators:

n’O Z J- aner |>

pEZ
» Positive norm states:
m m
Jfﬁl * JfT]LVN‘O>
» Bar-sector: only affine 4(1) algebra with positive level
» Dual CFT: free boson
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To-do list (including partly done topics)

» Flat-space spin-2
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» Flat-space higher spin
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To-do list (including partly done topics)

» Flat-space spin-2
» Flat-space higher spin
» Lobachevsky higher-spin
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To-do list (including partly done topics)

Flat-space spin-2
Flat-space higher spin
Lobachevsky higher-spin

vV v v Yy

Lifshitz higher-spin
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To-do list (including partly done topics)

Flat-space spin-2
Flat-space higher spin
Lobachevsky higher-spin
Lifshitz higher-spin

vV v v v Y

Schrodinger higher-spin
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To-do list (including partly done topics)

Flat-space spin-2
Flat-space higher spin
Lobachevsky higher-spin
Lifshitz higher-spin
Schrodinger higher-spin
warped (A)dS higher-spin

vy v v v Vv Y
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To-do list (including partly done topics)

Flat-space spin-2
Flat-space higher spin
Lobachevsky higher-spin
Lifshitz higher-spin
Schrodinger higher-spin
warped (A)dS higher-spin
unitarity

vV v vV vV VvV VY
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To-do list (including partly done topics)

Flat-space spin-2
Flat-space higher spin
Lobachevsky higher-spin
Lifshitz higher-spin
Schrodinger higher-spin
warped (A)dS higher-spin
unitarity

vV vV v vV vV VvV VY

exhaustive scans/classification
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Flat-space spin-2

Flat-space higher spin
Lobachevsky higher-spin
Lifshitz higher-spin
Schrodinger higher-spin
warped (A)dS higher-spin
unitarity

exhaustive scans/classification

vV VvV vV VvV vV VvV VvV VY

non-AdS higher spin black holes
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To-do list (including partly done topics)

Flat-space spin-2

Flat-space higher spin
Lobachevsky higher-spin

Lifshitz higher-spin

Schrodinger higher-spin

warped (A)dS higher-spin
unitarity

exhaustive scans/classification
non-AdS higher spin black holes

YV VvV Y ¥V VvV VYV VvV VvV VY

generalizations: SUSY, conformal, (topologically) massive, ...
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To-do list (including partly done topics)

YV VvV YV ¥V ¥V VvV VY VvV VvV VY

Flat-space spin-2

Flat-space higher spin

Lobachevsky higher-spin

Lifshitz higher-spin

Schrodinger higher-spin

warped (A)dS higher-spin

unitarity

exhaustive scans/classification

non-AdS higher spin black holes

generalizations: SUSY, conformal, (topologically) massive, ...
tough questions (e.g. where does 22/5 come from on CS side?)
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To-do list (including partly done topics)

YV VvV YV ¥V ¥V VvV VY VvV VvV VY

Flat-space spin-2

Flat-space higher spin

Lobachevsky higher-spin

Lifshitz higher-spin

Schrodinger higher-spin

warped (A)dS higher-spin

unitarity

exhaustive scans/classification

non-AdS higher spin black holes

generalizations: SUSY, conformal, (topologically) massive, ...
tough questions (e.g. where does 22/5 come from on CS side?)

Chern—Simons provides many avenues for
future research — also many projects for students...
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Thanks for your attention!

Thanks to Bob McNees for providing the KTEX beamerclass!
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