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3D higher spins
[ ]

MOTIVATION: MINIMAL MODEL HOLOGRAPHY

@ Motivation: study examples of AdS/CFT where the CFT is
tractable, to learn about quantum gravity.
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3D higher spins
[ ]

MOTIVATION: MINIMAL MODEL HOLOGRAPHY

@ Motivation: study examples of AdS/CFT where the CFT is
tractable, to learn about quantum gravity.

e Examples of tractable CFTs are the Virasoro minimal
models and their generalizations with W-symmetry.

] Dual tO 3D hlgher Spln theOI'leS (Gaberdiel, Gopakumar 2010)

e Will explore space of smooth classical solutions obeying
AdS boundary conditions, and their holographically dual
CFT states.
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3D higher spins
L]

3D HIGHER SPIN GRAVITY

e Simplest 3D higher spin theories: sI(N) Chern-Simons.
Describe spins 2,3, ..., N, and have classical Wy as
asymptOtIC Symmetry algebra (Campoleoni, Fredenhagen, Pfenniger, Theisen

2010).
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L]

3D HIGHER SPIN GRAVITY

e Simplest 3D higher spin theories: sI(N) Chern-Simons.
Describe spins 2,3, ..., N, and have classical Wy as
asymptotic symmetry algebra campolconi, Fredenhagen, Prenniger, Theisen
2010).

@ 3D Vasiliev theories contain a parameter A (rokushiin, vasitiev 1995).
Higher spin algebra is /5[], and consistent truncation to
the massless sector gives /is|\| Chern-Simons theory (ammon,
Kraus, Perimutter 2011). ASymptotic symmetry algebra is classical

WOO [)\] (Henneaux, Rey 2010, Gaberdiel, Hartman 2011, Campoleoni, Fredenhagen, Pfenniger 2011)
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3D HIGHER SPIN GRAVITY

e Simplest 3D higher spin theories: sI(N) Chern-Simons.
Describe spins 2,3, ..., N, and have classical Wy as
asymptotic symmetry algebra campolconi, Fredenhagen, Prenniger, Theisen
2010).

@ 3D Vasiliev theories contain a parameter A (rokushiin, vasitiev 1995).
Higher spin algebra is /5[], and consistent truncation to
the massless sector gives /is|\| Chern-Simons theory (ammon,
Kraus, Perimutter 2011). ASymptotic symmetry algebra is classical

WOO [)\] (Henneaux, Rey 2010, Gaberdiel, Hartman 2011, Campoleoni, Fredenhagen, Pfenniger 2011)

@ Vasiliev theory contains also a scalar with mass
m2 =X\ —1.
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3D HIGHER SPIN GRAVITY

e Simplest 3D higher spin theories: sI(N) Chern-Simons.
Describe spins 2,3, ..., N, and have classical Wy as
asymptotic symmetry algebra campolconi, Fredenhagen, Prenniger, Theisen
2010).

@ 3D Vasiliev theories contain a parameter A (rokushiin, vasitiev 1995).
Higher spin algebra is /5[], and consistent truncation to
the massless sector gives /is|\| Chern-Simons theory (ammon,
Kraus, Perimutter 2011). ASymptotic symmetry algebra is classical

WOO [)\] (Henneaux, Rey 2010, Gaberdiel, Hartman 2011, Campoleoni, Fredenhagen, Pfenniger 2011)

@ Vasiliev theory contains also a scalar with mass
m? =\ —1.
@ When )\ = +£N, hs[A] collapses to sI(N).
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3D higher spins
[ ]

sI(N) CHERN-SIMONS

@ Euclidean higher spin gravity is described by an sl(n, C)
connection A
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sI(N) CHERN-SIMONS

@ Euclidean higher spin gravity is described by an sl(n, C)
connection A B
o Higher spin equations: flatness of A and A = —Af

F = dA+ANA=0

F = dA+ANA=0

Joris Raeymaekers Conical defects in minimal model holography



3D higher spins
[ ]

sI(N) CHERN-SIMONS

@ Euclidean higher spin gravity is described by an sl(n, C)
connection A B
o Higher spin equations: flatness of A and A = —Af

F = dA+ANA=0

F = dA+ANA=0

@ Generalized vielbein and spin connection

1 : 1 .
e=3(A-A), w= 5 (A+A),
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3D higher spins
[ ]

sI(N) CHERN-SIMONS

@ Euclidean higher spin gravity is described by an sl(n, C)
connection A B
o Higher spin equations: flatness of A and A = —Af

F = dA+ANA=0

F = dA+ANA=0

@ Generalized vielbein and spin connection

1 _

e=5(A-A), o AvA),

=5 (
@ Maetric-like fields
12

Enr = N2 — 1)
P N(NZ2—1)
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3D higher spins
[ ]

Wy CHARGES

@ Denote sI(N) generators by V5,, s =2,...N, |m| <s.
Global AdS in coords 1,z = ¢ + itr:

A = b ansdz+d)b, b=e"

-
1
Aais = 5 (Vi+V%)
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3D higher spins
[ ]

Wy CHARGES

@ Denote sI(N) generators by V5,, s =2,...N, |m| <s.
Global AdS in coords 1,z = ¢ + itr:

A = b Yapgsdz+d)b, b=¢V
1

fais = 5 (Vi + V%)

e asymptotically AdS connections: A — A5 ~r 00 O(1).
Can be brought to highest weight gauge

A = b la@dz+d)b b=

N
1 127 1
a(z) = QV% +— > I\TSWS(Z)VS,(SA)
s=2

Joris Raeymaekers Conical defects in minimal model holography



3D higher spins
L]

e Fourier expand

1 s C
Ws(z) = o Z(Wn - ﬂ)e T

Charges W;, form a classical Wy algebra under Poisson
bI‘aCketS (Campoleoni, Fredenhagen, Pfenniger, Theisen 2010)
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e Fourier expand

1 s C
Ws(z) = o Z(Wn - ﬂ)e T

Charges W;, form a classical Wy algebra under Poisson
brackets (campolconi, Fredenhagen, Plenniger, Theisen 2010)

e Will consider time-translation and rotational invariant
solutions. a is constant s/(N) matrix, only zero modes W}
nonzero.
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3D higher spins
L]

e Fourier expand

1 s C . i
Ws(z) = o Z(Wn - ﬂ)e T

Charges W;, form a classical Wy algebra under Poisson
brackets (campoleoni, Fredenhagen, Pfenniger, Theisen 2010)

e Will consider time-translation and rotational invariant
solutions. a is constant s/(N) matrix, only zero modes W}
nonzero.

e Gauge-invariant expressions for lowest charges:

3l
ho= W2= — 2 i = —
TN )™ T ‘Tac
2
Wi = V2 tra®
3N(N2 —1)V/N2 — 4
c trat
Wy = tra* — ——A95_(trg?)?
0 2N(N2 —1)(N2 — 4) ( (tra? ;5)?
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Smooth solutions
©00

SMOOTH SOLUTIONS AND YOUNG DIAGRAMS

@ Topology of the solid cylinder, coordinates r,z = ¢ + itg
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SMOOTH SOLUTIONS AND YOUNG DIAGRAMS

e Topology of the solid cylinder, coordinates r,z = ¢ + itg
@ Smooth gauge fields must have trivial holonomy around
contractible ¢-circle:

H = ¢ = ¢2mim/Nq € center
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Smooth solutions
©00

SMOOTH SOLUTIONS AND YOUNG DIAGRAMS

e Topology of the solid cylinder, coordinates r,z = ¢ + itg
@ Smooth gauge fields must have trivial holonomy around
contractible ¢-circle:

H = ¥ = 2mim/Nq € center
@ a must have eigenvalues \; = —in;” with
_ m
7’11- — ml’ - N

@ boundary conditions impose that all 7; must be distinct
— can order them s.t. my > my > ... >mpy =0
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Smooth solutions
©00

SMOOTH SOLUTIONS AND YOUNG DIAGRAMS

e Topology of the solid cylinder, coordinates r,z = ¢ + itg
@ Smooth gauge fields must have trivial holonomy around
contractible ¢-circle:

H = ¥ = 2mim/Nq € center
@ a must have eigenvalues \; = —in;” with
_ m
7’11- — ml’ - N

@ boundary conditions impose that all 7; must be distinct
— can order them s.t. my > my > ... >mpy =0
@ define
1’1»_ =m; — (N — l)

satistying ;| >r, > ... > 1, =0
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Smooth solutions
oeo

@ smooth solutions are 1-to-1 with su(N) Young diagrams
with 7;” boxes in the i-th row
2%  N+1
i i N + > !
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Smooth solutions
oeo

@ smooth solutions are 1-to-1 with su(N) Young diagrams
with 7;” boxes in the i-th row

_ _ j 1”] N+1 .
e N
o W-charges:
c c
h = B
NN ) T g
W3 V2ic

—\3
N(N2—1)vN2 —4 Xi:(nf )y

Note that energy is negative!
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Smooth solutions
oeo

@ smooth solutions are 1-to-1 with su(N) Young diagrams
with 7;” boxes in the i-th row

_ _ j 1”] N+1 .
e N
o W-charges:
c c
h = B
NN ) T g
W3 V2ic

—\3
N(N2—1)vN2 —4 Xi:(nf )y

Note that energy is negative!
@ Chern-Simons connection pure gauge:

adz = ¢ 'dg, g=¢é"

C
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Smooth solutions
oeo

@ smooth solutions are 1-to-1 with su(N) Young diagrams

with 7;” boxes in the i-th row

_ _ jr] N+1 .
g =1 -y — 1
o W-charges:

_ ¢ -2 €

b= ey

V2ic
W = ;)
3N(N? —1)vN Z

Note that energy is negative!
@ Chern-Simons connection pure gauge:

,]dq7

C

adz = g

_ Az
g=e

@ go to ‘nothing gauge’ a = 0: possess an s/(N, C) symmetry



Smooth solutions
ooe

@ represent (generalized) ‘conical surplus’ geometries
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Smooth solutions
ooe

@ represent (generalized) ‘conical surplus’ geometries
@ conical singularity resolved by higher spins

|
N
|
=
L e e L B e e e
=
N
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Smooth solutions
°

SMOOTH SOLUTIONS FOR GENERAL A

(see Andrea’s talk)
@ hs[)] is continuation of sI(N) for N — A
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@ hs[)] is continuation of sI(N) for N — A

@ has a representation in terms of infinite matrices
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Smooth solutions
°

SMOOTH SOLUTIONS FOR GENERAL A

(see Andrea’s talk)
@ hs[)] is continuation of sI(N) for N — A
@ has a representation in terms of infinite matrices

@ natural continuation of the sI(N) solutions:

a = —idiag(n;) i=1,...,00
_ _ BT A+1 .
S W
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Smooth solutions
°

SMOOTH SOLUTIONS FOR GENERAL A

(see Andrea’s talk)
@ hs[)] is continuation of sI(N) for N — A
@ has a representation in terms of infinite matrices

@ natural continuation of the sI(N) solutions:

a = —idiag(n;) i=1,...,00
B~ A+1
ng = rf77+%—i

. oma _ 2B =241
@ have trivial holonomy ¢“™ = ¢ 1
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Smooth solutions
°

SMOOTH SOLUTIONS FOR GENERAL A

(see Andrea’s talk)
@ hs[)] is continuation of sI(N) for N — A
@ has a representation in terms of infinite matrices

@ natural continuation of the sI(N) solutions:

a = —idiag(n;) i=1,...,00
_ _ BT A+1 .
S W

i(B— A+l
@ have trivial holonomy ¥ = ezm( A2 )1

@ charges are continuations of those of sI(N) solutions
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Holographic dictionary
.

SEMICLASSICAL LIMIT OF Wy MINIMAL MODELS

@ Smooth, asymptotically AdS solutions in s/(N) theory
should represent states in a dual CFT. Should possess Wy
symmetry.
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Holographic dictionary
.

SEMICLASSICAL LIMIT OF Wy MINIMAL MODELS

@ Smooth, asymptotically AdS solutions in s/(N) theory
should represent states in a dual CFT. Should possess Wy

symmetry.
@ In the classical regime in the bulk, central charge ¢ = % is
large
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Holographic dictionary
]

SEMICLASSICAL LIMIT OF Wy MINIMAL MODELS

@ Smooth, asymptotically AdS solutions in s/(N) theory
should represent states in a dual CFT. Should possess Wy

symmetry.
@ In the classical regime in the bulk, central charge ¢ = aé is
large

e Higher spin-minimal model holography conjecture (caberic,
Gopakumar 2010): expect that dual CFT is semiclassical limit of Wy
minimal models, where we take c large at fixed N. Indeed, then
k— —N—1and & x+r — —N to be identified with ) in bulk
Vasiliev theory.
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Holographic dictionary
]

SEMICLASSICAL LIMIT OF Wy MINIMAL MODELS

@ Smooth, asymptotically AdS solutions in s/(N) theory
should represent states in a dual CFT. Should possess Wy
symmetry.

@ In the classical regime in the bulk, central charge ¢ = aé is

large

e Higher spin-minimal model holography conjecture (caberic,
Gopakumar 2010): expect that dual CFT is semiclassical limit of Wy
minimal models, where we take c large at fixed N. Indeed, then
k— —N—1and & x+r — —N to be identified with ) in bulk
Vasiliev theory.

o Is a different large c limit from 't Hooft limit consisting of

N,k,c — o0, A= N+k fixed
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Holographic dictionary
.

DEGENERATE REPRESENTATIONS

@ primaries of maximally degenerate representations
(having maximal number of null vectors) are labeled by
two sI(N) highest weight vectors (AT, A7)
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Holographic dictionary
.

DEGENERATE REPRESENTATIONS

@ primaries of maximally degenerate representations
(having maximal number of null vectors) are labeled by
two sI(N) highest weight vectors (AT, A7)

e for Young tableau with r; boxes in the i-th row (and ry = 0)

oL

A,‘ZT,‘ N iZl,...,N
Define nt o= A4
N+1 .
pi = NEl —1 Weyl vector

2
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Holographic dictionary
.

DEGENERATE REPRESENTATIONS

@ primaries of maximally degenerate representations
(having maximal number of null vectors) are labeled by
two sI(N) highest weight vectors (AT, A7)

e for Young tableau with r; boxes in the i-th row (and ry = 0)

oL

A,‘ZT,‘ N iZl,...,N
Define nt o= A4
N+1 .
pi = T+ —1 Weyl vector

e conformal weight # and higher spin charges w; determined
by AT, A™
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Holographic dictionary
.

DEGENERATE REPRESENTATIONS

@ primaries of maximally degenerate representations
(having maximal number of null vectors) are labeled by
two sI(N) highest weight vectors (AT, A7)

e for Young tableau with r; boxes in the i-th row (and ry = 0)

LT
A,':r,-zli,] i=1,... N
Define nt o= A4
N+1
pi = T+ —1 Weyl vector

e conformal weight # and higher spin charges w; determined
by AT, A™
@ have N — 1 independent null vectors at levels

(r =7+ 10—y +1) j=1... ,N-1
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Holographic dictionary
.

SEMICLASSICAL LIMIT

@ in semiclassical limit c — oo with N fixed, charges behave

as
w (A, A7) = wl V(A7) e+l (AF, A7) + 0(1/c).
e.g.
_ _ 1 _ 1
DA = *m(n )2+ﬁ
wgfl)(A’) = - v2 Z(”f)s

3N(N2 — 1)V4 — N2

1
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Holographic dictionary
.

SEMICLASSICAL LIMIT

@ in semiclassical limit c — oo with N fixed, charges behave

as
w (A, A7) = wl V(A7) e+l (AF, A7) + 0(1/c).
e.g.
DA = 21\1(1\112—1)(’1_)2+214
wi VAT = — v2 Z(”f)s

3N(N2 — 1)V4 — N2

@ semiclassical limit is nonunitary: conformal weights are
negative
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Holographic dictionary
.

SEMICLASSICAL LIMIT

@ in semiclassical limit c — oo with N fixed, charges behave

as
w (A, A7) = wl V(A7) e+l (AF, A7) + 0(1/c).
e.g.
DA = 21\1(1\112—1)(’1_)2+214
wi VAT = — v2 Z(”f)?)

3N(N2 — 1)V4 — N2

@ semiclassical limit is nonunitary: conformal weights are
negative

@ A~ label nonperturbative sectors with energy of order c,
A label perturbative excitations with energy of order 1
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Holographic dictionary
.

PERTURBATIVE VS. NONPERTURBATIVE STATES

Example: Virasoro case, N = 2:

e

in red: |0, A™) primaries, in green: |A, A) primaries, in blue:
other |[AT, A7) primaries
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Holographic dictionary
.

MODIFIED DUALITY PROPOSAL

@ Energy and higher spin charges of surplus specified by
Young diagram A~ consistent with identification with a
primary |something, A7)

Joris Raeymaekers Conical defects in minimal model holography



Holographic dictionary
.

MODIFIED DUALITY PROPOSAL

@ Energy and higher spin charges of surplus specified by
Young diagram A~ consistent with identification with a
primary |something, A7)

e Will argue that:
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Holographic dictionary
.

MODIFIED DUALITY PROPOSAL

@ Energy and higher spin charges of surplus specified by
Young diagram A~ consistent with identification with a
primary |something, A7)

e Will argue that:

o the conical solutions represent the primaries |0, A~), not
|A~, A7) as was believed earlier
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Holographic dictionary
.

MODIFIED DUALITY PROPOSAL

@ Energy and higher spin charges of surplus specified by
Young diagram A~ consistent with identification with a
primary |something, A7)

e Will argue that:

o the conical solutions represent the primaries |0, A~), not
|A~, A7) as was believed earlier

e general |[A*, A™) primaries correspond to (single- and
multiparticle) excitations of the Vasiliev scalar around
conical defects.
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Holographic dictionary
.

SYMMETRIES AND NULL STATES

@ Fluctuations of the higher spin fields are gauge
transformations that preserve the boundary conditions:
‘boundary gravitons’. Let (;, the gauge parameter such
that the associated charge is W, i.e.

6¢cs F = {W;,,F}pp

Joris Raeymaekers Conical defects in minimal model holography



Holographic dictionary
.

SYMMETRIES AND NULL STATES

@ Fluctuations of the higher spin fields are gauge
transformations that preserve the boundary conditions:
‘boundary gravitons’. Let (;, the gauge parameter such
that the associated charge is W, i.e.

6¢cs F = {W;,,F}pp

@ When the background has symmetries, not all fluctuations
d¢s,a will be independent. Related to null states in CFT (cato,

Hartman, Maloney 2011).
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Holographic dictionary
°

SYMMETRIES AND NULL STATES

@ Fluctuations of the higher spin fields are gauge
transformations that preserve the boundary conditions:
‘boundary gravitons’. Let (;, the gauge parameter such
that the associated charge is W, i.e.

6¢cs F = {W;,,F}pp

@ When the background has symmetries, not all fluctuations
d¢s,a will be independent. Related to null states in CFT (cato,

Hartman, Maloney 2011).

e Example: symmetries of AdS background correspond to
wedge modes

Ocsaags =0,|m| <s <= W,;[0,0)=0,|m| <s
Wedge modes form an s/(N) algebra at large ¢ sowcock-watts 1993).
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Holographic dictionary
]

@ nontrivial example: A~ = f surplus has symmetries at level

1 and 2 generated by ¢* | + i\/\; 2,3, 2\@ Cz
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Holographic dictionary
]

@ nontrivial example: A~ = f surplus has symmetries at level

1 and 2 generated by ¢* | + i\/\;@l’ B, - 2\@ Cz

(] MatCheS Wlth null States Of |0,f> at large C(Gaberdiel, Gopakumar 2012):

2
N, = Wﬁp@
e N V2N

N0 = (Wg - N\Z[Z—NZLz + OU/C)) 10,£)

L+ O(l/c)) 10,f)
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Holographic dictionary
]

@ nontrivial example: A~ = f surplus has symmetries at level

1 and 2 generated by ¢* | + i\/\;@l’ B, - 2\@ Cz

(] MatCheS Wlth null States Of |0,f> at large C(Gaberdiel, Gopakumar 2012):

_ N2
Niog) = (w“{ St oa/c)) 0.)

N0 = (Wg - N\Z[Z—NZLz + OU/C)) 10,£)

@ analyzing invariance equation dc.a = ¢’ + [, (] = 0in
diagonal gauge, one finds N — 1 symmetries at levels

rr—rigt 1, in agreement with levels of N — 1 null vectors

of |0, A7).
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Holographic dictionary
®0

TWISTED WEDGE ALGEBRA AT LARGE ¢

@ conical solutions have classical s/(N) symmetry whose
generators depend on the Young diagram A~
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Holographic dictionary
®0

TWISTED WEDGE ALGEBRA AT LARGE ¢

@ conical solutions have classical s/(N) symmetry whose
generators depend on the Young diagram A~

@ eg N=2:
£ i
© - rl’+1<i(’7+]>
2
h = —
1’(+1CO

N=3: 1 5 5 i

= —_— —C" o o — —(r— v 3 ~ o _
“ Nyfry —ry +1 Zci(’d =y +1) 6(71 Tt )ii(’i = 1)
+ 1 53 i —
2 _— - - (2r; — 3 _
° Nyfry +1 (ﬁgﬂ{H) el Tt )Ci(f‘z +U>

1 1 _ o _ _ L5, _ _

hy = ﬁ (5 ((r] )2 —drr, + (1‘2 — 6)r2 — 3) (3 - 1\/g(r] + 7, +3)(S>

b = — S (T — T A+ 0 by —3) C iy 2@ — 1 +3)C
, = e E(y' ry —2ry (r; +3) 4 (r, )" +6r, —\)Coﬁ-l E(zl -1, +3)¢
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Holographic

o] ]

@ corresponds to approximate s/(N) invariance of |0, A7) at
large c
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@ corresponds to approximate s/(N) invariance of |0, A7) at
large c

e for A~ =0, this is the wedge algebra of W;,, |m| <s
leaving the vacuum invariant @owcock-wats 1993)
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oe

@ corresponds to approximate s/(N) invariance of |0, A7) at
large c

e for A~ =0, this is the wedge algebra of W;,, |m| <s
leaving the vacuum invariant @owcock-wats 1993)

@ verified thisfor N=2and N =3
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Holographic dictionary
]

MATTER FLUCTUATIONS

@ Vasiliev theory contains a matter field C in twisted adjoint
representation. For A = —N: a complex N x N matrix
satisfying

dC + AC — CA = 0.

Physical scalar is
® =TrC,
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Holographic dictionary
]

MATTER FLUCTUATIONS

@ Vasiliev theory contains a matter field C in twisted adjoint
representation. For A = —N: a complex N x N matrix
satisfying

dC + AC — CA = 0.

Physical scalar is
® =TrC,

@ Around AdS, one finds N? discrete solutions of

Klein-Gordon with M? = N2 — 1. Built on primary with

h=h= 1 span N x N nonunitary representation of the

sI(N) x sl(N) isometries of AdS.
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Holographic dictionary
.

MATTER FLUCTUATIONS

@ Vasiliev theory contains a matter field C in twisted adjoint
representation. For A = —N: a complex N x N matrix
satisfying

dC + AC — CA = 0.

Physical scalar is
® =TrC,

@ Around AdS, one finds N? discrete solutions of

Klein-Gordon with M? = N2 — 1. Built on primary with

h=h= 1 span N x N nonunitary representation of the

sI(N) x sl(N) isometries of AdS.
@ Match with the large c properties of state |f,0).
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Holographic dictionary
°

MATTER FLUCTUATIONS

@ Around surplus specified by A™: solutions span N x N
built on primary with conformal weight and spin 3-charge

h = fl:—nl_

2 —nm
w o= =i Nz_4<(nf)ann)
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Holographic dictionary
°

MATTER FLUCTUATIONS

@ Around surplus specified by A™: solutions span N x N
built on primary with conformal weight and spin 3-charge

h = fl:—nl_

2 —nm
w o= =i Nz_4<(nf)ann)

@ Matches with large c properties of of CFT primary [f,A™) .
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Holographic dictionary
°

MATTER FLUCTUATIONS

@ Around surplus specified by A™: solutions span N x N
built on primary with conformal weight and spin 3-charge

h = fl:—nl_

2 —nm
w o= =i Nz_4<(nf)ann)

@ Matches with large c properties of of CFT primary [f,A™) .

@ More general primaries [A*, A~) come from multiparticle
states around the A~ conical background
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Holographic dictionary
]

BULK PARTITION FUNCTION

@ Bulk partition function is sum over surplus backgrounds
—\scalar [ p—
780 =y Za(A7)Z3 gy (A7) 21050 (A7)
A~

2Cy(n™)

with Z(A~) = |q| ¥
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Holographic dictionary
]

BULK PARTITION FUNCTION

@ Bulk partition function is sum over surplus backgrounds
78V _ Z ch (A_) ﬁls—loop (A_) icﬁ]l{(l)’(w (A_)
A~

26 () c
with Zg(A”) = [q "0
@ From fluctuation analysis, we know the single particle
spectrum (positive frequency modes). 1-loop contributions
using free boson formula

o0

Z Zl—part. (q”a 17")
n

n=1

Zlfloop = exp
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Holographic dictionary
®0

@ higher spin fields

ZE (A7) = |[N-D@+P+P - >
1<i<j<N
N-1 —u
zns (A7) = gl Hléi<,/§N|1*‘7”' i
1—Ioop - |U‘2(N71)
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Holographic dictionary
®0

@ higher spin fields

Zf]iipm,t(/\*) — (N-1D(g+P+q+...)— Z qn[*,,,/*
1<i<j<N
‘q| H]< |1 *q”' —n; |2
hs — o <i<j<N
le [oop(A ) - | ‘Z(N 1
@ matter field
Zye = @ A A gTN)@ T g
= trfUtrfl:[ u= e*ZTTZ‘TdiEIg(H )
TE[I(Z:;J;J (Ai) = Z tra+ Utrp+ u

At

= Z Ixa+ (—2mitn™)?
At
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Holographic dictionary
oe

@ Compare with CFT result in semiclassical limit ovicdermaier 1990)

al” T (e~ (N=1))+2(A7 )

2
ZA* ‘7]|2(N71) H ‘1 q | X

1<i<j<N

Z Ixa+ (—2mitn™)[?
A+
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Holographic dictionary
oce

@ Compare with CFT result in semiclassical limit ovicdermaier 1990)

al” T (e~ (N=1))+2(A7 )

2
ZA* ‘7]|2(N71) H ‘1 q | X

1<i<j<N

Z Ixa+ (—2mitn™)[?
A+

@ Missing only factor

(q9)"" 1),

coming from 1-loop correction to the surplus energy.
Should come from careful treatment of path integral
measure.
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OUTLOOK

@ Provided evidence for matching of spectrum of Vasiliev’s

theory at A = —N and the semiclassical limit of Wy
minimal models, from matching quantum numbers and
symmetries.
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Outlook
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OUTLOOK

@ Provided evidence for matching of spectrum of Vasiliev’s

theory at A = —N and the semiclassical limit of Wy
minimal models, from matching quantum numbers and
symmetries.

@ Suggestive of an AdS/CFT duality which is not unitary
and not of the standard large N type. Additional evidence
from matching 4-point functions: see Eric’s talk (ijano, kraus,

Perlmutter 2013).
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Outlook
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OUTLOOK

@ Provided evidence for matching of spectrum of Vasiliev’s

theory at A = —N and the semiclassical limit of Wy
minimal models, from matching quantum numbers and
symmetries.

@ Suggestive of an AdS/CFT duality which is not unitary
and not of the standard large N type. Additional evidence
from matching 4-point functions: see Eric’s talk (ijano, kraus,
Perlmutter 2013).

@ Openissues, e.g. is the semiclassical partition function
modular invariant and does it contain black hole saddle
points?
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Outlook
.

OUTLOOK

@ Provided evidence for matching of spectrum of Vasiliev’s

theory at A = —N and the semiclassical limit of Wy
minimal models, from matching quantum numbers and
symmetries.

@ Suggestive of an AdS/CFT duality which is not unitary
and not of the standard large N type. Additional evidence
from matching 4-point functions: see Eric’s talk (ijano, kraus,
Perlmutter 2013).

@ Openissues, e.g. is the semiclassical partition function
modular invariant and does it contain black hole saddle
points?

@ 't Hooft limit of Wy minimal models is unitary but
contains light states which likely have to be added as extra
fields to minimal Vasiliev theory (Chang, Yin 2011, 2013, Jevicki, Yoon 2013).
How are these two bulk theories related?
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