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Summary of the talk: 

• Deep inelastic scattering in AdS/QCD.  

• Hadronic form factors  from D4-D8 brane model.  

• Other Results  
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Deep inelastic scattering in AdS/QCD.

Inclusive cross section characterized by the 
hadronic tensor
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qq
⋅
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 x    , 
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2Dynamical 
variables:

Bjorken variable



The Structure functions  F1,2 (x, q2  )  contain 
informations about  the  distribution of constituents 
inside the hadron.  

Polschinski and Strassler (2003) found prescriptions for 
calculating the structure functions, using the hard wall 
model (depending on the kinematical regime;  here we 
just review  the case when supergravity approximation 
holds). 
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Hadronic tensor (spin independent case)
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The matrix element of the hadronic current is given by a  
10-dimensional supergravity interaction action. For scalars: 

Gauge theory Supergravity ( ~ low energy String theory)

↕ ↕

Result for fermions  (τ is the twist = d - s):

(For spin ½ in the hard wall, Polchinski & Strassler)

↔

  (Just one hadron in the final state)



Hadronic structure functions at small x. 
C.A.Ballon Bayona, H.B.-F. and N.Braga, 2008 
Center of mass energy       is larger at small x: 

So, we expect more hadrons in the final state.  

∆ = scaling (conformal) dimension of hadronic operator. 

↔ minimum number of constituents of the state.  

Bulk/Boundary relation:   Δ  is “regulated”   by 

the 5-dimensional mass of the dual bulk field                   
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So, we summed over final hadronic states  with all 
allowed  values of ∆  (in Polchinski & Strassler article     
∆initial = ∆final  ),    finding a behaviour similar to 
GEOMETRIC SCALING :   

  



Geometric Scaling:   
Stásto, Golec-Biernat, Kwiecinski; PRL 2001

Our AdS/QCD result imply a similar scaling with

For Bjorken parameter  x < 0.01 
the observed  total cross section: 

depends on x and  q2  only  through 
the combination:  

 with:  
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D4-D8 brane model for hadrons 
Sakai and Sugimoto (2005)    

•D8 (probe) branes embedded in D4 brane space.  
•Holographic model for  (large NC , strongly coupled)  QCD. 

D4 brane background:  

With:                                 ,  τ  is a compact dimension. 
Period of τ is related to minimum value of U → mass scale.
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In this model mesons correspond to fluctuations of the 
D8 brane solutions in the D4 background.
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Vector and axial vector mesons are described by U(NF ) gauge field 
fluctuations.  
 4-dim effective action (after field redefinitions,  ...)

→  The effective actions show up with  a set of prescritions for 
calculating masses and couplings.  (everything is solved numerically) 

• Important: D4-D8 model realizes vector meson 
dominance.

Vector and axial-vector 
mesons: 
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Form factors for vector and axial-vector mesons in the D4-D8 
model: 
C.A.Ballon Bayona, H.B.-F., N.Braga, M.A.C.Torres, JHEP 2010

VMD  (Vector meson dominance) 
Interaction with a photon 
mediated by the exchange of 
vector mesons
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Generalized  form factors for vector mesons:

                 is the coupling between the photon and the vector meson, 
                                
                           Is the 3 vertex on vector mesons, .... .

Where,  in the model:

... and similar expressions for the axial-vector mesons.
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Results:  appropriate decrease with q- 4   for large q. 
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Interesting quantities in the elastic case:  

• Form factors for  vector mesons with transversal and longitudinal 
polarizations

In the D4-D8 model we found:

That imply the large q2 behaviour expected from QCD:
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Ballón-Bayona, HBF, Braga, Ihl, Torres, PRD 2012; NPB 2013

Baryons Form Factors and Proton Structure in the 
Holographic Sakai-Sugimoto D4-D8 Model

Blue line = SS Model prediction 
Red dots = exp. data (JLAB-CLAS) 
Blue triangles = Bare amplitude results (EBAC)

Helicity Amplitude  [                    ]

decay constants (shown in Table II) we can calculate the
Dirac and Pauli form factors describing the production of
negative parity baryon states. We show our results for the
first three excited states in Fig. 2. As a general feature, the
form factors go to zero as q2 ! 0, reach a maximum and
then decay for large q2. Note that some of the form factors
are nonpositive.

C. Helicity amplitudes: Comparison
with JLab-CLAS data

In the large ! limit, the transverse helicity amplitudes
take the form
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This result seems to be consistent with the fact that the
experimental data available for these helicity amplitudes
indicates a strong contribution from meson clouds [45].
This kind of effect necessitates the investigation of loop
corrections of order 1=! in electromagnetic scattering.
The 1=! corrections would not only modify our results
but also the standard results on the elastic electromagnetic
form factors.4

Some of the meson cloud contributions to the helic-

ity amplitudes ~A1=2 and ~S1=2 for the resonance
S11ð1535Þ were calculated by the EBAC group [47],
fitting the dynamical coupled-channel model [48] with
experimental data. The EBAC result [47] was displayed
nicely in Ref. [49], where the authors removed the
meson cloud contributions from the dressed helicity
amplitudes and presented the EBAC bare helicity
amplitudes. In Fig. 3, we present our result for the

transverse helicity amplitude ~A1=2
BB1

ðq2Þ for the first

negative parity resonance and also show the EBAC
results [47,49] and recent experimental data from the
JLAB-CLAS collaboration [45] for comparison. As
discussed in Sec. IV B, this resonance can be identified
with the experimentally observed S11ð1535Þ. Despite
the limitations of our model (the large ! limit), we
find good agreement with the EBAC results for bare

helicity amplitudes and reasonable agreement with
JLAB-CLAS experimental data. This is to be expected
since the EBAC data is available for q2 & 1:5 ðGeVÞ2,
which coincides with the regime of validity of the
Sakai-Sugimoto model where we expect our results to
be reliable, whereas the JLAB-CLAS data extends to
higher q2 beyond the regime of validity. Furthermore,
the EBAC and JLAB-CLAS results clearly demonstrate
the importance of 1=! corrections from meson cloud
contributions in the nonperturbative regime, which
means that we need to go beyond tree level to get a
better than qualitative agreement with experimental
results for helicity amplitudes. Nevertheless, this is a
very encouraging result in view of our long-term
project of investigating resonance production in holo-
graphic models.
In Fig. 4 we show our results for ~Gþ

BB1
ðq2Þ.
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FIG. 3 (color online). Helicity amplitude ~A1=2
BB1

ðq2Þ [in units
10%3ðGeVÞ%1=2] plotted versus q2 in ðGeVÞ2. The JLAB-CLAS
experimental data (red dots) were taken from Ref. [45], while the
EBAC bare amplitude results (blue triangles) were taken from
Refs. [47,49].
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FIG. 4 (color online). Helicity amplitude ~Gþ
B0B1

ðq2Þ [in units
10%3 ðGeVÞ%1=2] plotted versus q2 in ðGeVÞ2.

4See Ref. [46] for a discussion regarding pion loop corrections
in baryon electromagnetic form factors.
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EBAC: Julia-Diaz et al PRC 2009; 
Matasuyama et al Phys.Rep. 2007;  
Ramalho, Pena, PRD 2011.

CLAS: Aznauryan et al PRC 2009. 

for the observed negative parity 
resonance S_11(1535)
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Ballón-Bayona, HBF, Ihl, Torres, JHEP (2010)

Pion (and vector meson) Form Factors in the Kuperstein-
Sonnenschein Holographic model

Red = SS model; Blue = KS model 
 Dots = experimental data (PDG)

Stable, non-supersymmetric, but similar to D4-D8 with VMD


