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AdS/CFT Duality

CFTd with N AdSd+1

 Type IIB Strings in 𝐴𝑑𝑆5 × 𝑆5 N=4 Super Yang-Mills with SU(N)

‘t Hooft coupling:   𝜆 = 𝑁𝑔𝑌𝑀
2 𝑅𝐴𝑑𝑆

2

𝛼′
= 𝜆 𝑔𝑠 =

𝜆

𝑁

Free limit   𝜆 → 0 Tensionless Limit  α′ → ∞

 ∞ massless fields in 1st ReggeTrajectory
Exact Operator Spectrum

 massive fields in higher RT

 U(N)/O(N)  (free scalar) Vector Models  Higher-Spin Gravity  [Vasiliev]

Simple Single-Trace Operator Spectrum ∞ massless fields: spin 0,1,2,3,…
(effectively, 1st RT)

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



1-loop Free Energy of

Free Vector Model / Higher Spin duality

 U(N)  Free Scalar Vector Model 𝐹𝑈(𝑁) = 𝑁 2𝐹0 + 0

 Vasiliev’s Higher-Spin Gravity Γ𝐴𝑑𝑆 = 𝑔 𝑆𝐻𝑆 + Γ(1) + 𝑂(𝑔−1)

?

Γ(1) =

= 0 or  a finite number (O(N) case)

(using a proper regularization like  1 + 2 +⋯ = −
1

12
)

[Giombi, Klebanov, Safidi; Tseytlin]

(Euclidean) 𝐴𝑑𝑆5
with 𝑆4 boundary

Thermal 𝐴𝑑𝑆5
with 𝑆1 × 𝑆3 boundary
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• Various Stringy SCFTs  (coming soon)

1-loop Free Energy of

Free Adjoint Model / String-like Theory duality

• Two Toy Models

 Free SU(N) Adjoint Scalar / BulkDualAdjointScalar in AdS

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

BDAS BDYM

I III

II IV

Calculate trajectory by trajectory (higher-spin multiplet)!

https://www.google.co.kr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwiH--u0u-TPAhXJw1QKHTi6BZAQjRwIBw&url=https://profmattstrassler.com/2013/09/17/did-the-lhc-just-rule-out-string-theory/&bvm=bv.135974163,d.cGw&psig=AFQjCNGdCweeok3XCIIR5P7izdvhUGlTlA&ust=1476883652976574&cad=rjt
https://www.google.co.kr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwj-8bKTluTPAhXMuo8KHUm8DZUQjRwIBw&url=https://commons.wikimedia.org/wiki/File:Sphere_wireframe_15deg_4r.svg&psig=AFQjCNGKZLq37BXfykqSvUIGpfPMHngL_A&ust=1476873707772748


How to calculate

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

• Step 2:    Resum AdS free energies over all fields

 (unprojected) 2nd & 3rd RT : much more complicated but doable

 Properly projected 2nd & 3rd RT : much         more complicated
and not even clear how to regularize it

much

 1st RT : same as VM/HS case [Giombi, Klebanov, Safidi; Tseytlin]

 Group theoretically, tensor product decomposition

 Calculate free energy of the field (𝑚2, 𝑠) [Camporesi, Higuchi;
Beccaria, Tseyltin]



• Introduce Character Integral Representation for Free Energy

 For any spectra 

 Identify the corresponding character 

 Total free energy of       given by a certain integral of 

Great simplification !
since we usually identify the spectra using character

• Two steps at once ?

 Step 1: decomposition

 Step 2: resummation



I Bulk Dual Adjoint Scalar Theory in AdS

 2nd RT :

 1st RT :

 3rd RT :

 A boundary Scalar :

[Giombi, Klebanov, Safidi; Tseytlin]

Previous Result

NEW!
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I Bulk Dual Adjoint Scalar Theory in AdS5

Normalized by Euler totient fn
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II Bulk Dual Adjoint Scalar Theory in TAdS5



III Bulk Dual Yang Mills Theory in AdS5

~𝑪 𝟐𝒏
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IV Bulk Dual Yang Mills Theory in TAdS5

~𝑪 𝟐𝒏



Sum over Trajectories

Sum over ‘log slice’s

- F0

Summation over Trajectories?

suggests  𝒈−𝟏 = (𝑵𝟐−𝟏) + 𝟏 = 𝑵𝟐

Full Free Energy gets contribution only from  −𝑭𝟎



Back to Vector Model Dualities



Type-j  Theory

No energy momentum tensor in this game!

 HS theories in RIGID AdS5

 HS algebras :  the ideal part of  𝒉𝒔𝝀→𝒋(𝒔𝒖 𝟐, 𝟐 )

 Type A (spin 0),  B (spin ½ ),  C (spin 1)   HS theories in AdS5
[Beccaria, Tseytlin]

[Dolan; Beccaria, Tseytlin] What about spin j ?    Flato-Fronsdal thm



Type-j  Theory

• One-loop Free Energy in AdS5 (with 𝑆4 boundary)

• One-loop Free Energy in TAdS5 (with 𝑆1 × 𝑆3 boundary)

spin-j on 𝑆1 × 𝑆3 :  ill-defined for j>1

[Gunaydin, Skvortsov, Tran]



Type-j  Theory

• AdS5 Free Energy of spin-j doubleton

o No UV, but IR divergence

• 𝑺𝟒 Free Energy of spin-j

o UV divergence (formulation dependent)

o In Fronsdal,

o Maybe other formulation?



• Boundary :  collection of free massless spin 0, 1, 2, …

• Bulk :  all possible AdS5 fields with multiplicities

Type-AZ  Theory

 One-loop Free Energy in TAdS5 (with 𝑆1 × 𝑆3 boundary)

 One-loop Free Energy in AdS5 (with 𝑆4 boundary)



Conclusion / Outlook

 A lot to play with & a lot to understand

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

 Stringy Models (N=4 SYM, …) 

 Higgs mechanism?

Thank you for the attention!


