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Abstract
We calculate the photon-photon cross section and the real photon structure function using the color dipole formalism. This formaWe calculate the photon-photon cross section and the real photon structure function using the color dipole formalism. This forma

quark-antiquark (a color dipole). It allows us to factorize the photon-photon interaction as a product of three terms. Two of them are the prob
calculated with perturbative QCD. The third term of the factorization is the dipole-dipole cross section, which must be modeled.
results with the ones obtained using other model available in the literature. We demonstrate that both models are able to des

at higher energies. It is an indicative that the detailed study of photon-photon interaction in the future International Linear at higher energies. It is an indicative that the detailed study of photon-photon interaction in the future International Linear 

I – The dipole formalism for two photon interaction
The dipole formalism applied to photon-photon (gg) interaction implies that, before interacting, each one ofthe
photonsfluctuatesin acolordipole.photonsfluctuatesin acolordipole.

In this formalism the photon-photon cross section is factorized as:

WhereW is the total energy of the system photon-photon,Q1
2 (Q2

2) is the virtuality of the photon1 (2), Y is the
probability for thephotonto fluctuatein a dipole,r is thedipoleradius,Y is therapidity, z (1-z) is thefractionof theprobability for thephotonto fluctuatein a dipole,r is thedipoleradius,Y is therapidity, z (1-z) is thefractionof the
longitudinal momentum of the photon carried out by the quark(antiquark) and the sum is made over the flavor
content of the dipoles.

The probability for a photon to fluctuate in a color dipole iscalculated with perturbative QCD, and is given by:

Where (ef)2 = z(1-z)Q2 + mf
2, L and T represent respectively the longitudinal and transversal polarizations of the

photon,K0 andK1 are the modified Bessel functions,aem is the electromagnetic coupling constant andef is the electric
charge fraction of the quark of flavorf.

The structure function of a real photon is given by:

II – The dipole-dipole cross section
The dipole-dipole cross section,sdd, cannot be calculated with perturbative QCD, and thereforeit must be modeled.

Model 1

The authorsof Ref. [1] proposedthe following model,basedon the additive quark model, for the photon-photonThe authorsof Ref. [1] proposedthe following model,basedon the additive quark model, for the photon-photon
cross section:

With s0 a free parameter fixed through a fit to the data of HERA on electron-proton DIS. The factor 2/3 arises due
the difference in the number of quarks inside a dipole (2 quarks) and a proton (3 quarks).

Model 2Model 2

We propose to consider the largest dipole (R = Max(r1,r2)) as being the target and that only when there is
superpositionbetweenthedipoles(b < R) wewill haveaninteraction[2].superpositionbetweenthedipoles(b < R) wewill haveaninteraction[2].

Where r = Min(r1,r2).
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photon cross section and the real photon structure function using the color dipole formalism. This formalism implies that, before interacting, each one of the photons fluctuates in a pair photon cross section and the real photon structure function using the color dipole formalism. This formalism implies that, before interacting, each one of the photons fluctuates in a pair 

photon interaction as a product of three terms. Two of them are the probabilities for each photon to fluctuate in a dipole. These terms are 
dipole cross section, which must be modeled.We propose a new model to describe the dipole-dipole cross section and compare its 

results with the ones obtained using other model available in the literature. We demonstrate that both models are able to describe the high energies LEP data, but predict a very different behavior for the observables 
photon interaction in the future International Linear Collider (ILC) can be useful to constrain the QCD dynamics at high energies.

III – Results

photon interaction in the future International Linear Collider (ILC) can be useful to constrain the QCD dynamics at high energies.

published in [2]published in [2]III – Results

The free parameters of the models were fixed by fitting the following data:

rcBK = numerical solution of BK 
equation with running coupling 
and with NLO corrections.and with NLO corrections.

IIM -S= interpolation of two 
analytical solutions of BK 
equation. One is obtained in the equation. One is obtained in the 
limit of big dipoles and the other 
is obtained for small dipoles.

The free parameter of Model 1 is the mass of the light quarks, while the free parameter The free parameter of Model 1 is the mass of the light quarks, while the free parameter 
of the Model 2 is the inverse (L = 1/R) of the maximum radius of integration.

The free parameters are already fixed:

V - Conclusions
At the high energy regime, where there is no experimental data, the results are very sensitive to the model chosen for the dipole-
dipole cross section (Model 1 or Model 2), but are not sensitive to the amplitude of interaction (rcBKor IIM-S).

The Model 2 has the advantage of using, for the quark masses, the same value used for them in the calculations of DIS. 
Furthermore, the free parameter of the Model 2 is approximately equal the parameter L , what is an indicative that this model Furthermore, the free parameter of the Model 2 is approximately equal the parameter LQCD, what is an indicative that this model 
captures the main characteristics of the interaction.

Our results are predictions for the future International Linear Collider (ILC).
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