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Holographic Map

Old Myth:  G.T. at large Nc simplifies 

a weakly coupled string theory.

AdS/CFT:  An additional simplification occurs 

for a large hierarchy of anomalous dimension of 
operators:

  a few have            ,   but most have              .∆O ∼ 1 ∆O >> 1



O(x) φ(x, z)

Duality:  G.T. is dual to an extra-dimensional (ED)

theory: 

Local primary operators                        Fields propagating in ED 
of G.T.           .                                       curved space             .
                        

∆O mφ



Holographic Dictionary

G.T.                             ED dual
q̄q(x) φ(x, z)

Jµ(x) = q̄γµq(x)

q̄γµ1Dµ2 ...Dµnq(x)

Tµν(x)

Aµ(x, z)

hµν(x, z)

φµ1µ2...µn(x, z)



        Most ED dual fields decouple: 

           (+ superpartners)                                   (+ super)

∆O >> 1 mφ ∼ ∆O >> 1

Jµ, Tµν Aµ, hµν

At first:  ED duals only for conformal theories. 

Then:  Non-conformal duals were found.
     (similar to Randall-Sundrum ED models)

Lesson:
  Lightest states are well described by 
  the lowest dimension operators.



Warped ED models do good

1.  Offer a different perspective on TC models.

2.  UV completions for composite Higgs models.

3. Provide mechanisms for addressing FCNC.

4. Generate flavor hierarchies.

5. Have interesting LHC phenomenology.



How likely is LHC strong coupling to 
be described by a weak ED model?

1.   A strongly coupled conformal theory (non-susy).

2.  A large hierarchy in anomalous dimensions of 
operators (rare even for strong coupling).

3. Correlation functions with certain polarization 
structures suppressed (not due to any symmetry).

LATTICE - HELP!

  Wanted: 



QCD:                   (no hierarchy). 

     ED dual contains infinitely many fields.

Conjecture: Lightest states are well described by the 
lowest dimension operators. 

   Might only need to consider a few ED fields.

QCD as a test for ED models 
w/ Erlich, Schwartz, Son, and Stephanov.

∆O ∼ O(1)



Evidence for the conjecture: 

1. True for G.T. with known ED duals.

2. 2D QCD at Large Nc (‘t Hooft model).

nth excited meson PDF:  

Also seen numerically for 2D QCD with adjoints.

3. Suggested by success of ED models for lightest QCD 
resonances.

4. LATTICE?

fn
q (x) = |φn(x)|2

φn(x) =
∑

k

〈0|Ok |n〉Pk−1(2x − 1)

〈0|Ok |n〉 << 1, k ! n

w/ T. Okui



ED toy model for QCD-lite
Chiral Symm breaking sector:  

 

Conformal theory:  

   
Dilitation:  

          UV:           ,          IR: 

SU(3)L × SU(3)R → SU(3)V

JV
µ (x), JA

µ (x) Vµ(x, z), Aµ(x, z)

q̄q(x) φ(x, z)

ds2 =
1
z2

(dxµdxµ − dz2)

xµ → λxµ, z → λz

z << 1 z >> 1
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Lattice - Help find condensates at large Nc.



Crude Model
cnV , cnA = 0.

zIR = 1/(346MeV ), 〈q̄q〉 = (308MeV )3, mq = 2.3MeV, ms = 35MeV.



Conclusions
1.  Holographic models capture well certain 

properties of the low lying states in strongly 
coupled theories.

2.  Provide a natural connection between low-energy 
parameters and the UV theory (ex.               ).

3. They are a useful tool for the LHC, where we might 
access only a few resonances.

4. They work better than they should.

5. LATTICE may help clarify the reach and limitations 
of the approach.

Fρ/mρ(Nc)


