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QCD at high energies

●Longitudinal and transversal parton degrees of freedom taken into 

account; also hard scale

●Capable of taking into account finite transversal size of the hadron

●Realistic kinematics at lowest order

●Gluon density depends on kt 

● Gauge invariant matrix elements with off-shell gluons   

Lipatov '95Lipatov '95

van Hameren, Kotko, Kutak  2012 van Hameren, Kotko, Kutak  2012 

Gribov, Levin, Ryskin '81Gribov, Levin, Ryskin '81
Ciafaloni, Catani, Hautman '93Ciafaloni, Catani, Hautman '93
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CCFM evolution equation 

Implemented in CASCADE
Monte Carlo H. Jung 02H. Jung 02

1/z 1/(1-z)
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CCFM evolution equation 

p – linked to some 
hard scale

For simplicity let's consider low x limit of the CCFM 

coherence

splitting

Linear equation – problems with unitarity. 
Let us come back for a while to BK...
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Forward physics as the way to constrain 
gluon both at large and small pt  

● Too flat behaviour
of at large kt

● Lack of saturation in CCFM at  
small kt 

Needed a framework which unifies both correct behaviors
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Resummed form of the BK 

The strategy:

●Use the equation for WW gluon density. Simple nonlinear term

●Split linear kernel into resolved and unresolved parts   

●Resum the virtual contribution and unresolved ones in the linear part

●Postulate nonlinear CCFM by analogy

The starting point:

K. Kutak, K. Golec-Biernat, S. Jadach, M. Skrzypek '11



  7

BK equation in the resummed exclusive form

The same resumed piece for linear and nonlinear

Initial distribution also gets multiplied by the Regge form factor

New scale introduced to equation. One has to check dependence of the solution on it

Suggestive form to promote the CCFM equation to nonlinear equation  
which is more suitable for description of final states

K. Kutak, K. Golec-Biernat, S. Jadach, M. Skrzypek '11
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Original formulation of BK or BFKL- difficult to address 
final state problem. One of possible solutions is to 
combine physics of BK with CCFM

saturationcoherence

Kutak 2012, JHEPKutak 2012, JHEP

p – linked to some 
hard scale

Equation for exclusive states and saturation 
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Resummation of BK – numerical results
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Numerical studies – BFKL
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Numerical studies – BK 
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Numerical results – CCFM vs. KGBJS 
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Numerical results – CCFM vs. KGBJS 
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Numerical results – CCFM vs. KGBJS 
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Conclusions and outlook

●With help of LHC there comes opportunity to test parton densities both 
when the parton density is probed at low x and low enough kt.

●HERA and RHIC data further gives some hints for saturation

●Results based on  BK/DGLAP approach predicts saturation in p-Pb and 
suggest its presence in p-p
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