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Forward rapidity

In the forward rapidity region, one expect the violation of collinear factorization

Hybrid factorization
projectile proton PDF

parton - target cross-section
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Color-dipole S-matrix framework

      The master dijet production in the color - dipole S -  matrix framework is given by
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N. N. Nikolaev, W. Schäfer, B. G. Zakharov and V. R. Zoller [Phys. Rev. D 72, 034033 (2005)]
N. N. Nikolaev, W. Schäfer and B. G. Zakharov, [Phys. Rev. D 72, 114018 (2005)]
N. N. Nikolaev, W. Schäfer, B. G. Zakharov and V. R. Zoller [JETP Lett. 82, 325-334 (2005)]
N. N. Nikolaev, W. Schäfer and B. G. Zakharov [Phys. Rev. Lett. 95, 221803 (2005)]

Our work was evaluate the case: 3



Gauge boson production

where, we connect the S-matrix with dipole cross-section by

The unknown ingredient is the Wave Function!

          Our work was use this formalism to an electroweak gauge boson production, for this case the cross-section expression
simplifies as:

the dipole cross-section is model dependent. Therefore,
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Light Front Wave Function
Y. B. Bandeira, V. P. Gonçalves and W. Schäfer [JHEP 07 (2024) 171]
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Parton - level cross-section
Isolated production 

A generalized description for all electroweak gauge boson

Y. B. Bandeira, V. P. Gonçalves and W. Schäfer [JHEP 07 (2024) 171]
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Parton - level cross-section
Associated production 

We presented for the first time the expresion for the            production

Y. B. Bandeira, V. P. Gonçalves and W. Schäfer [Phys.Rev.D 111 (2025) 7, 074041]
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We derived, for the first time, the generic expressions for the LFWF's.

We have estimated the vector and axial contributions for the description of the longitudinal and

transverse spectra associated with the isolated gauge boson production in the impact parameter and

transverse momentum spaces.e 

We demonstrated that our results reduce to expressions previously used in the literature for the description

of the real photon production and Drell - Yan process at forward rapidities in some particular limits. 

As seen, the expressions obtained are the main  ingredients for the calculation of the pp cross - sections,

which can be compared with the current and forthcoming LHC data.

Summary
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Collinear factorization 

dilute region
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Proton dynamics
valence quarks

gluons

sea quarks
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Forward rapidity

In the forward rapidity region, one expect the violation of collinear factorization

Hybrid factorization
projectile proton PDF

parton - target cross-section

13



Forward rapidity
central region

forward region

In the forward rapidity region, one expect the violation of collinear factorization 14
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Gauge boson production

where, we connect the S-matrix with dipole cross-section by
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Parton - level cross-section
Isolated production 
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Parton - level cross-section
Isolated production 
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Parton - level cross-section
Isolated production 
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Our general formalism cover particular case present in the literature.

Particular cases



Parton - level cross-section
Associated production 

We presented for the first time the expresion for the            production
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Photon + jet production

Parton - level cross-section
Associated production 
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F. Dominguez, C. Marquet, B. W. Xiao and F. Yuan, Phys. Rev. D 83, 105005 (2011)
A. Stasto, B. W. Xiao and D. Zaslavsky, Phys. Rev. D 86, 014009 (2012)
P. Taels, JHEP 01, 005 (2024)



We derived, for the first time, the generic expressions for the LFWF's.

We have estimated the vector and axial contributions for the description of the longitudinal and

transverse spectra associated with the isolated gauge boson production in the impact parameter and

transverse momentum spaces.

We demonstrated that our results reduce to expressions previously used in the literature for the description

of the real photon production and Drell - Yan process at forward rapidities in some particular limits. 

As seen, the expressions obtained are the main  ingredients for the calculation of the pp cross - sections,

which can be compared with the current and forthcoming LHC data.

Thank you for your attention!

Summary



The Color Dipole S - matrix formalism
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