
1. Holography…the ADS/CFT approach…successes

2. Hadron Polarizability – Why it’s Important

3. Why ADS/CFT fails on Polarizabilities

4. Attempting A Rescue Operation

Five-Dimensional Physics and Soft QCD
Pervez Hoodbhoy

Forman Christian College

Lahore, Pakistan

Dedicated to a friend 
and mentor (1981-1983) 
who taught me to know 

and appreciate the power 
of symmetries  



2



Poincare + Conformal

Quantum Field Theory BULK

(nearly classical)

The Maldacena Revolution

is Symmetry Based

– We live in a 3+1 dimensional 
subspace: the 3-brane. 

– The brane is embedded in a 

4+1 dim space: the bulk.

– Bulk isometries match QCD

symmetries on the brane

QFT (4-D) = Classical Theory (5-D)



Boundary Symmetry Bulk Symmet

Source currents: the boundary theory has no quarks
or gluons but we can still insist upon correct global 
symmetries:
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Disturbing the 5-D bulk buys you knowledge of our 4-D world

one point function three point function

3-pt 4-pt



Some Impressive Successes of ADS/CFT
(Brodsky, de Teramond, Lorce)
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Polarizability

(Low, Gell-Mann, Goldberger)
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Compton scattering from a (spinless) pion target

L’vov, Scherer,

Pasquini, Unkmeir,

Drechsel (2001)

Low Energy Theorem (Low, Gellmann, Goldberger, from 1950’s)



An ADS calculation of Compton 
scattering by Marquet, Roiesnelb, 

Wallon (2010)



Scalar + Vector fields in 5-D

dilaton

Normalization:  

EOM reduces to Sturm-Liouville eigenvalue problem:

4-pt

bulk-to-bulk propagator for 4-pt calculations:



*,q  

,p  

,q 

,p  

Apply to Compton Scattering

Conclude: canonical ADS/CFT does not sufficiently recognize the 

compositeness of extended objects (pions) 

Marquet, Roiesnelb, Wallon (2010)



Augmenting Canonical ADS/CFT to 
include polarizabilities



Modify the ADS/CFT action – add axial-vector mesons

Axial propagator:

Normalization:



Calculate scattering amplitude after adding axial-vector mesons

2 (0) bcorrect structure for 

1(0)? bWhat about  



Add in vector mesons (while preserving discrete symmetries) 

1(0) bis the correct structure for 



2 2 ?How to get a handle on g  and gA V
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Conclude: we now have a framework in which to compute 

hadron polarizabilities



Opinion about ADS/CFT

•ADS/CFT is impressive and offers a path to strong interactions.

• Since no QCD dual is available we must keep supplementing.

• Until that time the best strategy is to aim for models that 

impose the right symmetries. Although crude, they are quite   

successful in reproducing interesting phenomenology (Brodsky,

et. al. and their ADS-supplemented light-cone models).


