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Introduction:

@ AdSy4+1/CFTy4: extra dimension

@ Higher Spin / Vector Model correspondence:
Exactly solvable, Renormalizable, ...

@ Higher Spin Gravity:
Gravity (s = 2) + HS gauge fields (s = 3,4, ...)

(supersymmetric version)

@ These fields sit on the leading Regge trajectory (which contains the graviton)
of the string spectrum (on AdS with A = 0)

@ Tensionless limit of String Theory: % ~ A0
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Introduction

Klebanov-Polyakov conjecture: '02

AdS441 CFTy4
Higher Spin Theory with even Vector Model with O(N)
spins s = 0,2,4, ... symmetry

Earlier work by
All integer spins = U(N) vector model
This correspondence works for d > 3

Two fixed points (d = 3): two quantization/boundary conditions

A =1 free O(N) model: L= 1(9,0)
A =2 critical O(N) model : £ = 3(8,0)> + £(¢ - ¢)?

Substantial evidences of the conjecture are provided by the agreement of
three-point functions
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Introduction

Ang/CFTg

AdS; CFT,

Massless HS fields Wk minimal models:
+ massive scalar with

M2 =1+ )\2 SU(N)k &) SU(N)l

su(N 4 1) k41

@ 't Hooft limit: N,k — o00; 0 <\ = NLH < 1 fixed

A = 0: free fermion ; A = 1: free boson
o Central charge: ¢ ~ N = Vector-like Model
@ Matching the spectrum: Partition functions

@ Matching the symmetry: YW symmetry (Triality)
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This talk: part |

@ Presents a direct constriction of AdS, HS gravity from 3d field theory

@ The construction is based on the notion of bi-local fields:
N
Oc(x,y) =D ¢'(x)-6'(y)  O(N) singlet
i=1
@ Represents a direct change of variables

Z= / [d¢?(x)]e >l = / qu)c(x, y)e Sl

@ S.[®.] is an effective action and is exact: reproduces all O(N)-invariant
correlators

(¢(x) - ¢(v1) d0x2) - d(y2) -+~ (xn) - ¢(¥n))

@ This formulation is seen to give a bulk description of HS theory (with extra
dimension and interactions)
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This talk: part Il

@ HS theory in (Euclidean) 3d has black hole solutions:
BTZ black hole = Higher Spin Black Hole

@ BH entropy was calculated from thermodynamics:

imc 1_§&2+400A2—7a
127 344 27T N2 — 478
1600 50* — 85\% + 377 °

27 (N2 —4)2 712

+ rightmoving

In ZBH(7A',0477%,C_Y) =

where 7 is the modular parameter of the torus, « is the chemical potential of
the spin-3 current, and A indicates the bulk symmetry algebra: hs[A].

o Validity of the calculation: large ¢ and high temperature

1
fv = =0, a—0 and o fixed
H T

o Reproduce the BH entropy (free energy) purely from CFT: WW-symmetry
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1.1 O(N) vector mc

CFT3: the vector model
@ N-component scalar field theory:
1
L= > #¢aa“¢a+%(¢-¢)2, a=1,..,.N

@ Two fixed points: g =0 (UV); g # 0 (IR)
@ Conformal currents:

S

s = Z(_l)k(#)(#)am T aﬂkéa 6uk+1 T 8us¢a — traces

k=0
@ The currents represent boundary duals of AdS,; HS fields
JHIHZ"'HS(X) < Hﬁlﬂzu.ﬁs(x,z — O)

where z is the AdS direction.
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1.1 O(N) vector model

Bi-local representation:
@ The construction is based on the bi-local field:
o(x,y) = ¢(x) - ¢y Zasa x)$°(y

@ The collective action evaluates the complete O(N) invariant partition
function

:/[d¢a( Je-Stol /Hd‘bx y)e-Siel

Sc[®] = Te[—(07 + &) (x, y)] +| FTrind

where the trace is defined as TrB = [ d3x B(x, x).
@ Origin of the In ® interaction: Jacobian

/d¢e—5[¢] — /dd> det
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Large N expansion:

@ Reproduces all the nontrivial O(N)-invariant correlators

(9(x1) - 6(n1) d0x2) - D(y2) -~ (xa) - B(¥n))

@ The collective action is nonlinear

@ AdS, HS gravity coupling constant

ETUN

@ Expanding around the background ¢ = ¢y + ﬁn gives rise to an infinite
number of interaction vertices

Sc = S[®o] + Tr[®g ' ndgy 'n] + %772 + Z N="/2TrB", B=ao,n
n>3

@ Represents covariant-type gauge of the vector model
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Physical gauge: time-like gauge

@ The bi-local field ®.(x, y) has a one-time description: x™ = y* =t

V)= o°(t,%) - ¢°(t, )

with the conjugate momenta

!
>

SV (X, )

@ The Hamiltonian is given by

H = 2Tr(Nwn) /[— Ve V(% §)|5=p] +| ¥Trw—!

where we have set the coupling constant g = 0.
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) vector model

1/N expansion:

@ The above Hamiltonian has a natural 1/N expansion:

1
V=V, + —n, M=+vNn
0 \/N ]
@ The first few orders of Hamiltonian
1
H® = 2Tr(7r\ll07r)+gTr(\IJaln\Ugln\Ugl)
2 1
H® = —“_Tr(mnr) — —=Tr(V; inWg iy tnwst
\{N (77) 8VN (0770770770)
HO = ST (W g Vg g g )

@ Scattering amplitude: the collective S-matrix

= lim H — (|ki| + kit |)2)(V(Ey, Ky, ki )0 (Ep, kpy ke ) -+
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S = Olags, Tow =i [~ atHO(0)] als 0l 100 =0
@ The vanishing of 54 is due to genuine cancellations
@ This signals the working of Coleman-Mandula theorem

@ Maldacena and Zhiboedov have shown that the existence of higher-spin
currents implies that the CFT correlators (nonzero!) are given by free fields
(bosons or fermions)

@ It is very important to understand these results from bulk point of view
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1.2 One-to-one Mapping

Fronsdal’s equation: Free Higher Spin Theory in AdS

@ Massless spin-s gauge fields can be described by totally symmetric tensors
P subject'tf) the double traceless condition h*,", = 0 which
becomes nontrivial for s > 4.

@ The gauge invariant equation of motion:

Vi Vp h,u1--.,us - S vp VH«I hpuz...us
+§S(S - 1) Vul thp + 2(5 - 1)(5 + d— 3)hlbl---Hs =0

PH3- - [bs

o Gauge symmetry
5/\/7#1---#5 — V#l/\#z»--#s

where the gauge parameter is single-traceless:
Ha.ops
Busps N =0

@ Light-cone gauge fixing:
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1.2 One-to-one Mapping

Explicitly:

@ S0O(2,3) isometry generators (10) in the conformal form:

p
At

_pxpx+pzpz
2pt ’
tﬁ_ _X_p+7
0z
xpt - xp + B
pt

th™ +x"p" 4 xp* + zp* + d,,

1
_§(X2 +2)p" +x (xpT +xp* + zp® + dy)

eri+ ((xp* = 2p%)p" + (p7)?),

~— X z 1
2D~ + t(xp* + zp® + dJ) — 5(x2 +2%)pt,

@ They operate in the (AdS+HS) space: @ is the HS coordinate

Kewang Jin (ETH-Ziirich)

O(xT =t; x7,x,z; 0)
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1.2 One-to-one Mapping

For the bi-local fields:

@ The conformal generators (10): 3d conformal group

- PiP1 | P2P3

Py +py = (2[);r 2p2+>7

th™ —x P — x5 p3,

tp' — xipy — X3P

th™ +x; P+ p3 +Xipi + Xop5 + 24y,

oo

xi iyyen +X£X27+ +x (xg Py + xqpi + dy)

P1 4P
+33 (% Py + xap5 + dp),

@ They operate in the 5d dipole space:

Kewang Jin (ETH-Ziirich)
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1.2 One-to-one Mapping

Operator AdS/CFT

AdS,/ CFTs correspondence:

CFTs3 : collective bilocal fields <= AdS, : higher spin fields

W(X+;X1_,X1;X2_,X2) = O(x;x,x,z0)

@ Same number of dimensions
14242 = 1+3+1
@ Representation of the conformal group SO(2,3)

@ Clear from analysis of the two representations that one does not have a
coordinate transformation

Higher Spin Gravity and Exact Holography Sep. 22, 2012
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1.2 One-to-one Mapping

Solution: canonical transformation
@ l|dentifying the generators of the dipole with the generators of HS:

P x5 P (1 =)/ Py Py

X = —_— Z =

pi+py pi +ps
pt = pi+p;
X = 7x1p1++xzp2+ p* = £P1 - ipz
pi +p3 Py Py
p* = pitp

6 = 2arctany/ps/pf

+ +
_ o xa—x/]p p
’ V pips (g —x )+ 5 ( =2 p1+ 71+P2)
P1 )

@ 10 equations of 2 x 4 = 8 canonical variables
@ All the Poisson brackets are satisfied:

{x7p"y = {xp} =1{0,p"} = {z,p°} =11
@ Possible to lift to quantum version

]
I
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1.2 One-to-one Mapping

Generalization to higher dimensions

X Pl +x P

XT =

Py + P

pt=pl +p3

i _ XiP1 X3Py
Py +p;

#:m+%

P1 +P2

z _ X{_z j i Py
o (x{fx£)2('flvpf 7 p2>
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1.2 One-to-one Mapping

From bi-local field to HS field:

@ Changing to AdS variables using an inverse transform gives the AdS HS field

in terms of the bi-local one
O(x",x,2,0) = /dp+dpxdpzei(x*p++xpx+zp2)
/dp1 dp3 dp1dp20(p + p3 — p*)d(p1 + p2 — P¥)
5(/01\/p2+/p1+ - pz\/P1+/Pz+ - p’

§(2arctany/p3 /pi — 0)W(py, p3, p1, p2)

where \Tl(pf, Py, p1, p2) is a Fourier transform of the bilocal field

U(nt At _ —i(x; pT+x5 Py Hxaprtx - -
w(pl y P2 »p17p2) = /e Ca P Py Hapn 2P2)W(X1 y Xo 7X1?X2)
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1.2 One-to-one Mapping

Checking the z = 0 projection

@ One can check our identification of the extra AdS coordinate z by evaluating
the z = 0 limit

o At z =0, the integral transformation simplifies to:

O(x",x,z=0,0) = /dp dps e™ (i +p5)

(6 —2tan”" \/ P2 p3 /P )V (p, Py, X, X)

@ Fourier expand the delta function and perform the integrals (which give the
derivatives), for a particular spin, we found the conformal currents:

M(s+1/2)T(s +1/2) .
Zkl 5_ S—k+l/2) (k+1/2)(8+)k¢(8+) ka
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1.3 A symmetric gauge

Full nonlinear theory: Vasiliev theory in AdS,

@ Master fields:

W = Wﬂ(x”\y“,)_/d,zﬂjg)dx” _
S = S.(xly,y,z,z)dz" + Sa(x|y,y,z,z)dz*
B = B(xly,y,z,z)

@ Nonlinear equations of motion:

W+ WsxW=0
dzW+d.S+[W,Sl,=0
dzS+S%S =BxKdz>+ Bx Kdz?
dB+WxB—Bxx(W)=0
dzB+S«B—-Bxn(S)=0

where K = e#"¥= is the Kleinian and 7 is the ‘parity’ operator
ﬂ(f(y,)_/,z,i)) = f(_Ya}_/y _272) = K= f(}/7)77272) * K

@ No action principle yet

Kewang Jin (ETH-Ziirich) Higher Spin Gravity and Exact Holography Sep. 22, 2012

21 /45



1.3 A symmetric gauge

Gauge symmetry
@ Star product: associative but non-commutative
fy,z)xg(y,z) = /d2ud2ve“a"0 fly+uz+u)gly+v,z—v)

@ Gauge transformations:

W = dee+ [W, €.,
S = dze+]S, €.,
0B B xm(e) —ex* B,

o Compact form:

dA+AxA
dB+ Ax B — B x7(A)

B x (Kdz* + Kdz?)
0

where the gauge field is

A= W, dx" + S,dz* + S;dz®
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1.3 A symmetric gauge

Linearization of Vasiliev's theory

@ AdS background: only the gravitational fields (s = 2) pick up a nonzero
background
W=W, S=0  B=0,
Wy = Wé_,+ €,

dx', , o
WOL = 87 [(U/z)aﬁyay + (a’z)d[;yayﬁ],
- dxM 4o asp
€ — 4z Uocﬁ y.

@ The z, z spinors are totally auxiliary = Compact EOMs
@ The physical degrees of freedom are fuIIy contained in

anvBr . v Bm
ny de v,aq.. a,,,Bl By Y y1

"y

where the spin is related to n 4+ m = 2(s — 1)
@ The linearized equations reduce to Fronsdal’s equation after identifying

—1,5—1) aiB 5185 P
h = Wbt .. gMPLL L g%=1Ps1 4 symmetrization
K-t p1,a1...0s101...0s—1 K2 Hs 4
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1.3 A symmetric gauge

A symmetric gauge

@ Bi-local field theory is symmetric: 3d + 3d

W(xt x?)

w2

@ There is a symmetric gauge in Vasiliev's theory: 4d + 4d
F(y,y:2,2)

@ Solving the zero curvature equation dW + W x W = 0 using the pure gauge
solution
W, = g lx oug

o After a gauge transformation (+ solving two more equations), all the
spacetime dependence of the master fields is gone, one ends up with the
following equations

dzS+ S xS = B x (Kdz*> + Kdz?)
dzB+S+«xB—-Bxn(S)=0
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1.3 A symmetric gauge

W = 0 gauge

@ In components, one has five independent equations

Faz =015 — 0,51 + [S1, 5] =0
Fpes =35 — 015 +[S, 5] =0
Fpz =015 — 0151 +[S1,5]. =0
Frz =05 — 0:5 + [S2, 32]* =0
Fapx K= Fauz* K

@ The last equation is the reality condition of the B field.

@ Analog with self-dual Yang-Mills

Higher Spin SDYM
lezz — 0 Fyz - 0
FZZEI = O F}‘/f - O

F2121 -+ Fzzzz =0 Fy)-, +F,=0
lefl - FZZEZ :_O
Fz1zz * K = F§1§2 * K

=y, =y,22=2,72=2

1

where z
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1.3 A symmetric gauge

An ansatz

@ Using the ansatz

Si=M1xOM, S =MDl
Si =M1« M, S =M1txhM

@ F;5 and F,; are solved automatically, F;; and F,; become

(™ tx0rd) = 0 (la)
62(J_1*52J) =0 (Ib)

where J = M x M~ is a (residual) gauge invariant quantity.

@ The last equation (5) becomes

DI PN x K+ T xdd)xK=0 (I
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Comments:

@ We now have equations for a single scalar field:

J(Yaa)_’d’zmzd)

Equation (/a, Ib) can be thought of as constraints giving the reduction:
444343

Equation (/I) represents an equation of motion
One can expect that an action can be written down for this system
Closest in form to the covariant version of collective field equation of motion

There exists a non-linear transformation between the J field and the bilocal
collective field W (work in progress)
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11.1 Higher Spin Black Holes

Chern-Simons formulation of HS in 3d:

@ It is consistent to truncation the infinite number of HS fields to finite N.

@ Einstein-Hilbert action can be re-expressed in terms of CS theory with gauge
group: SL(2,R) x SL(2,R)

@ HS theory (with maximal spin V) can be written in terms of CS theory with
gauge group SL(N,R) x SL(N,R):

k 2
SHS:SCS[A]:T:/Tr(A/\quLgA/\AAA), Kes = —

where the gauge fields are
A= (Jli Tat--- _|_j51~--a;\/71 Tal“‘a/\/71)dxu

@ In the infinite spin case (N — c0), the gauge group is hs[\] x hs[A], where A
is a deformation parameter of the HS theory (background field By = \)
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11.1 Higher Spin Black Holes

Asymptotic symmetry: W-symmetry

@ Brown-Henneaux procedure of Pure gravity (in AdS):
sl(2) = Virasoro symmetry
@ Extension to finite NV:
sI(N) = Wy symmetry
@ Infinite case:
hs[A\] = W [\] symmetry

@ They all have the same central charge:

C =06k = —
2Gy
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11.1 Higher Spin Black Holes

BTZ black holes

@ The metric:
2 2, 2T N2 A Ae— )2 2 47T2-—2 + -
ds? = dp? + == (L(d*)? + Lo ))—(ep+?££e ")dx dx
where xT =t + ¢, ¢ = ¢ + 27 and

M — - M
:EJ EZK—&—J

L
47 47

with M the mass and J the angular momentum.

@ In terms of the connections:

2
A (e”Ly — %e‘pﬁL,l)dx’L + Lodp

2T =
A = —(e"l_q— %Ee"’Ll)dx_ — Lodp

where Lo 11 are the SL(2) generators.
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Higher Spin Black Holes

@ In ordinary gravity, the black hole horizon (and singularities) are
diffeomorphism invariant

@ Higher spin gauge symmetry > diffeomorphism

@ It is not obvious how to define a black hole in higher spin gravity because
neither the Riemann tensor (Ricci scalar) nor the causal structure of the
metric are gauge invariant

@ In Euclidean signature, the problem is simpler because a black hole is simply
a smooth classical solution with torus boundary conditions

@ This definition has been used to construct explicit black hole solutions
carrying higher spin charge
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11.1 Higher Spin Black Holes

Explicit solutions :

e SL(3):

™

27
=l Pl — —Le PL_
A=Lodp+ (e’ klle 1+2k0

We 2 W_,)dx™

4 472 4

+ 2@ Ws — T eWo + T L2e Wy + o We P Ly )dx™
T k k2 k
where « is the chemical potential of the spin-3 current.

e hs[\]:

A=blab+ b ldb, b=e"s

2L W
ay =VZ— == —N(\) ok

k
! 2rL
a_ :¥N()\) (a+ *ap — 37()\2 — 1))

V3, +J

where N(X) is a normalization factor, V3, are the hs[\] generators, and J
contains infinite higher-spin fields: J = JyV*; + JsV2, + - --
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11.1 Higher Spin Black Holes

The partition function

@ Smoothness of the Euclidean horizon (absence of a conical singularity)
—> Holonomy conditions:

Tr(w") = Tr(wgrz), n=23,.--
where the holonomy matrix is w = 2n(TAL — TA_)

= Integrability condition = first law of thermodynamics: S # A/4G

oL _ow ____ios oS
da 0T TT 2 or A2 W

@ Calculation of the free energy / partition function:

B ) . B i dInZ B i dlnZ
InZ = Stan®i(rLraW-TL-aW) = L= — 5 —— W=~ 15— =

o Free energy ~ HS CS action (not gauge invariant)?
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11.1 Higher Spin Black Holes

The gravity result:

@ Free energy:

InZBH(?a7%6¢):i7rC 1—i0‘—2+@v*70‘—4
Ak 127 374 " 27 A2 _4 78
1600 5\* — 85\2 4 377 af
P 24 2

+ rightmoving

where 7 is the modular parameter of the torus, « is the chemical potential of
the spin-3 current, and X indicates the bulk symmetry algebra: hs[)\].
o Validity of the calculation: large ¢ and high temperature

1 .
f-MTfH—)O7 a—0 and % fixed
@ From the CFT point of view:
Zerr(F,a) = T (gl 2y ")

where § = ™7, y = 2™ and the trace is sum over all the representations.
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The general strategy:
@ Perform a modular (S)-transformation (7 = —1/7, g = €™ — 0), the

answer will be dominated by the vacuum state
o First expand the partition function in terms of the chemical potential:

2 2
Zerr (T, @) Tr( O*ﬁ)+% rl_(WogaLo,i)
2ot
+% (W4 LO_*)_F...

@ Then apply S-transformation to each individual term
@ The a-independent term gives BTZ result: the Cardy's formula

Tr, ZSUTI’J Lo— 24 ~ (Zsic,)q—ﬁ

iTc iTc
|nZ—7ET 127 (7‘4)0)
@ The odd powers of W, terms are subleading because: (1) only the vacuum

representation is needed; (2) only the leading c (large) terms are compared.
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The comparison

@ Under S-transformation:
H(wZ Lo— 24) _ZSIO|: Lo 24) + 4 #2(/\ T)Tro(q 0~ 2%):|

TLW(W(;1 f]LO— Zs,o{ W4 Lo— )+"'+#4(/\,T)Tro(qL°_2%)}

@ Collect the contributing terms
Z=3"So[t+#(\7) + #a\ )+ g

~g B (Lt (A7) + (A7) ]
@ Exponentiating the gravity result

iTc 0275 100iTc A2 =7 , 4
9 7 81 A2—4‘”+'”}

ZpH =q~ 24[1+
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11.2 CFT computation

Torus amplitude

@ The torus amplitude is defined by
F((a,z1),.... (3" za); q) = 2" - - 2Ty (V(ah, z1) -+ - V(a", z,) gho %)

where h; are the conformal dimensions of the chiral field d: Lyd = hjaf.
@ In our case, the chiral fields are the higher spin fields (in the W,[A] algebra)
@ These functions are periodic under the transformations

. 27i _,, ) i
zi— ez, zqz

and hence the name ‘tours amplitude’

@ We are interested in the modular transformation properties of the traces with
insertion of zero modes

o Expanding the vertex operators as V(a,z) = 3 anz~ ™", the zero modes
can be extracted via the contour integrals

d21 dZn

T‘I‘(a(])' aquO 27_” a a21)>---,(3n72n);q)
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11.2 CFT computation

Modular transformation of the torus amplitude

@ Under a modular transformation, the functions F; transform as

A (at n . AT tby b
F,((a,21),...,(3,Zn),CT+d)_(CT+d) |

< ) MyF; ((at, ), (@ 2z ) )
j

a b\ . . .
where M = Mj; (c d> is a representation of the modular group, i.e. a
constant matrix for each modular transformation.

@ In particular, for the S-transformation 7 +— —1/7, we have

n 1 T n T
F;((al,zl),...,(a ,z,,);—;) — 2 ZSU Fj((al,zl ).y (@™, 20)i7)
J
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The final formula 7

@ Under the modular transformation, the trace with insertion of zero modes
transforms as

nalg—< le C/Z,7
Tr,(ag--- a5 g~ %) 27r/)n f 7{
it Z S Fs((a, 27), ..., (a", z); 7)
s

_ 1 —n+3; h;
a2

a9 dz 9 dz
/ NZl / ”'anS((alazl)a"'7(an>2’7);7—)
1 1

Z1 Zp

where we did a change of variables z7 — Z.
@ Still one needs to compute the integral

@ The computation simplifies at g — 0 and large c¢: the dominant contribution
will come from the vacuum (s = 0).
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11.2 CFT computation

Torus recursion relations:

F((al, 71), (32,22), (@ zp); q) = F(aé, (32,22), (@ zp); q)
+ Z > P (Z q) x F((8%,2),...,(a'[md, 2),...,(a", z.): q)

where P is the Weierstrass function and the bracketed modes are defined via

a[m] = (27.”')—"7—1 Z C(haa i7 m)a—ha+1+i

i>m
The coefficients c(h,, i, m) are found by the expansion:
({1 +2))" (142" = 3 c(hj.n).
jzn

For insertion of W fields: h =3

N 3 1 1 1
W[l]:(2ﬂ'l) 2 (W_1+2W0+3W1—12W2+3OW3+"')
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11.2 CFT computation

Two-point function

(271'/04)

Z@ = Tr(WoWogho— =)

a d21 q dZ2

VV721)7 (W, 22); T)

Applying the recursion relatlon, we find

F((W,2),(W, 2);7) = 23 Tr(WoW(z2) g~ %)
+ 3 P (Z) F((W[mW, 2); 7)

Only the m = 1 term will contribute
1
2
The central charge term:

1 c 1
70~ SqE QmiP el WIIW ) & 5g~ 5 (2n1)a?75 S (Ws W)

5N3C

(W3, W_3] ~ - 7 %N3a275q*z%
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Normalization

@ The constant

16
N3 = ?0'2()\2 — 4)
@ Using the WW OPE
10c 1
W(z)W(0) ~ — —
(WO ~ =" =
@ The normalization constant
5
2 __ Y s N.=4
T T apz_a

@ The agreement of the two-point result

7(2) i’/T?COFTSqfc/M
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Extension to higher points:

2rir) .
7 = @rie)! ”4’Ia) T (Wo Wo Wo Wpglo— )

O[4’7'8

=~ a1 '/F((W;21),(W,ZQ),(W,Z3)7(W’Z4);7-)

~—q 6/2427“(: = (BN; = 7N, ) o

e/ 100/7TC N -7 0470
81 A2—4"
—c/2t i (17N3 581NN, 497N 101N5> 05,13

648 9720 12150N; 2160
~ ge/ 400imc 5A* — 85\ + 377 513
81 (A2 —4)2

70 ~ ¢

They agree with the gravity result.

Kewang Jin (ETH-Ziirich) Higher Spin Gravity and Exact Holography Sep. 22, 2012

43/ 45



11.2 CFT computation

Wso[A] commutation relations

Wi, Wa] =2(m — n)Unmsn + %(m —n)(2m® +2n* — mn — 8)Lmyn
cNs 2 2 8Ns @
+1aa™m m(m® —1)(m" — 4)dmin0 + c (m—nmA

m+n

Ny
[Wan, U] =(3m — 2n) X + 5N (n —5m°> — 3mn® +5m’n—9n + 17m)Winin
3

24N, 84N, (6)
- 74+ 17m — 9n)AC
15CN3( + 9 ) m+n 15CN em+n
[Win, Xa] =(4m — 2n) Ypin — 56N (28m —21m?n+ 9mn® — 2n° — 88m + 32n)Um+n
4
| 42N 6
5 N2 (2 )AEnJrn
[Um, Un] =3(m — n)Ymin + naa(m — n)(=7 + m? — mn+ nz)Uer,1
- %(m — n)(108 — 39m* 4 3m" 4 20mn — 2m*n — 39n°
+4m’n® = 2mn* 4+ 30" ) Lo — (m — )N‘;\Zq /\(,T?Jrn

_ CN4
4320
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Summary and Outlook

@ An one-to-one mapping between HS, theory and CFT3 was established (at
the quadratic level)

@ We reproduced the higher spin corrections to the black hole entropy from
calculating correlation functions of W-currents on the torus

e This gives a detailed/different check that Wy, []] is indeed the correct
symmetry algebra of the dual CFT

@ Future directions:

Action principle for HS in d > 3
Non-abelian HS theory

Quantization of HS theory: renormalizable?
Loop corrections to the correlation functions
Higher point correlation functions

Higher order computation of the BH entropy
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