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AdS/CFT Duality

CFTd with N

= N=4 Super Yang-Mills with SU(N)

‘t Hooft coupling: A = NglzzM

Free limit 1 —> 0

Exact Operator Spectrum

Ad Sd+1

= Type IIB Strings in AdSz X S°

R34 yi
= A = —
a’ Va Is N

Tensionless Limit o — o

» oo massless fields in 15t Regge T rajectory

» massive fields in higher RT

U(N)/O(N) (free scalar) Vector Models

Simple Single-Trace Operator Spectrum

= Higher-Spin Gravity [Vvasiliev]

co massless fields: spin 0,1,2,3,...
(effectively, 15t RT)

[Sezgin, Sundell, Klebanov, Polyakov] [Giombi, Yin]



1-loop Free Energy of
Free Vector Model/ Higher Spin duality

= U(N) Free Scalar Vector Model  Fypny =N 2F, +0

= Vasiliev’s Higher-Spin Gravity Tyas = g Sys + T +0(g™)

— — U AT :.-‘L-f \% '&Q:‘Lf _-"S'L + T
1"(1) v, + A + d: /‘ + I\\ ’

= (0 or afinite number (O(N) case) [Giombi, Klebanov, Safidi; Tseytlin]

1

(using a proper regularization like 1+ 2 4+ :-- = _E)

(Euclidean) AdSs

Thermal AdSs
with S* boundary %

with S x S3 boundary
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1-loop Free Energy of
Free Adjoint Model/ String—like Theory duality

e Various Stringy SCFTs (coming soon)

 Two Toy Models

* Free SU(N) Adjoint Scalar / BuikDualAdjointScalar in AdS

* Free SU(N) Yang-Mills / BulkDualYangMills in AdS

Calculate trajectory by trajectory ( )!

& M
- BDAS BDYM s | Reggetrajectories

e
n
—
J——

alt) =1.1 +0.251

1= M2 (Gev?)
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How to calculate

e Step 1: Identify the AdS field content (operator spectrum)

= Group theoretically, tensor product decomposition

Rac®? = @D(s +1,s) Rac®? = @ (s +1) [D(s + :f 5) @ D(s + % s+ 1)]
s=0) s5=0

oC

1 4 8)(2 + R 2 (2n+28+1)(2s+ 1)+ 3(—1)" ‘
Rac®! = @ ( q)z( J D(s +2,8) *HQ%@ ( N 1 ) D(s+n+2,38)
§=() s=0 n=

 Step 2: Resum AdS free energies over all fields

= Calculate free energy of the field (m?,s) [Camporesi, Higuchi
Beccaria, Tseyltin]

B 1StRT :same as VI\/I/HS case [Giombi, Klebanoy, Safidi; Tseytlin]

= (unprojected) 2" & 3" RT : much more complicated but doable

h
= Properly projected 2" & 374 RT : much ~ more complicated

and not even clear how to regularize it



 Two steps at once ?
= Step 1: decomposition

= Step 2: resummation

* Introduce Character Integral Representation for Free Energy

= For any spectra H
= |dentify the corresponding character x# (3, @)
= Total free energy of % given by a certain integral of X (05, @)

Great simplification !
since we usually identify the spectra using character




| Bulk Dual Adjoint Scalar Theory in AdS

= A boundary Scalar: ].()g i
90

m ]StRT: ]'O_g i [Giombi, Klebanov, Safidi; Tseytlin]

90

362911 0.05 L
= 2MRT: log R

16329600 ° -
i ® O

= 3rdRT: log It - @ @

45 | '
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Il Bulk Dual Yang Mlills Theory in AdSs
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IV Bulk Dual Yang Mlills Theory in TAdSs
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Summation over Trajectories?

Sum over Trajectories o
Xadj — E Xcycn
n=2

Sum over ‘log slice’s
— p(k)
Xadj = —XRac ~ Z T Xlog,k
- Fo
Xlog.k(ﬁa 1, (12) — 108[1 — XRac(k Bw k 'y, k (12)]

Full Free Energy gets contribution only from —F

suggests g~1 = (N*°—1) + 1 = N?



Back to Vector Model Dualities



Type-j Theory

= Type A (spin 0), B (spin ), C(spin 1) HStheoriesin AdS5

[Beccaria, Tseytlin]

* What about spinj? Flato-Fronsdal thm [poian; Beccaria, Tseytiin]

o0
QEym g e O[5 81 ﬁf.
Mo '@D(“Lz’ 13 2]) Hiow = GBD 23]
8=2j
o0
MixSym __ . ¢ s -8 . MixSy1 y S )
Hivn = @ D(s+2,[5+ 7.5 —dle) ’Hj,()(;)\') = @ D(s+2,[5+3,5—dler),
§=2i41 even s>2j41

HYGiNy =2D(2) +2,[0,0]) 4 @D 2j+2.[n0m)  HiGN) =2DQ2i+2.00.0)& @ D(2j+2[r.0n)

2<evenr<2j
No energy momentum tensor in this game!

» HS theories in RIGID AdSs
> HS algebras : the ideal part of hs;_;(su(2,2))



Type-j Theory
* One-loop Free Energy in AdSs (with S* boundary)

L ommin = (=17 n; 2T, Tt = [(=1)% n; + 1] Ig)™"

J,non-min 7,min

25=12jQ2i+1) e _ (g2 8041 3052 +1

log R

nj =

* One-loop Free Energy in TAdSs (with ST X S3 boundary)

[Gunaydin, Skvortsov, Tran]

288 j* — 208° —: 288 j* — 208 2 - 3 3074 — 2072 + 1
‘Sj.uon-min =Ny 28 08 : ‘Sj.miu =N, J - J + (_1)21 J )"+
420 | - 840 | 120
oo 304 —20.4% 41
SS. — (_1)21 J g 2

120

spin-j on St x S3 : ill-defined for j>1



Type-j Theory

* AdSs Free Energy of spin-j doubleton

o No UV, but IR divergence

2; 6054 — 3052 +1

. 1% 1 21 3l
(Dren __ ¢ " (1) ren (1) ren Whreen b S T o
L@ = (1) - log R (130 I, 7 >_ (90. - A,m)lo,,n

« S* Free Energy of spin-j
o UV divergence (formulation dependent)

o In Fronsdal,

7554 — 1552 + 2 o ay il XL iGN
F} - 90 log A(jl."l' (E)? fé ’ Pl) o % 3 180 ) E log A(?l-“l'

o Maybe other formulation?



Type-AZ Theory

 Boundary : collection of free massless spin0, 1, 2, ...

* Bulk : all possible AdSs fields with multiplicities
> One-loop Free Energy in AdS5 (with S* boundary)

F(l) ren _ O F(l) ren — 0

A7 ,non-min AZ,min
» One-loop Free Energy in TAdS5 (with ST X S3 boundary)

8AZ,non—min — O; EAZ,min =0



Conclusion / Outlook
** A lot to play with & a lot to understand
¢ Stringy Models (/N=4 SYM, ...)

** SO(N) & Sp(N) Adjoint, Bivector Models

¢ Higgs mechanism?

T hank, pr foﬁ the attention/




