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• Definition of gluon TMD

• Light-cone expansion at moderate x

• Rapidity factorization approach at small x

• Generalized evolution at moderate and small x

• BK, DGLAP and Sudakov limits

• Gluon TMD factorization function



Transverse momentum dependent (TMD) distribution



Transverse momentum dependent (TMD) distribution
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Collinear distribution: TMD distribution:
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Two definitions of gluon TMD
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Definitions of gluon TMD

We consider evolution of this operator
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Definitions of gluon TMD
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We consider evolution of this operator



Evolution of gluon TMD

Real emission

Virtual emission

Note: there are several diagrams of this kind



Evolution at small and moderate x
Moderate x (DGLAP dynamics) Small x

p?

l?
↵

↵0

• Ordering in transverse momentum
p? > l?

• No ordering in rapidity

• Ordering in rapidity

• No ordering in transverse momentum
↵ > ↵0

↵ ⇠ ↵0

p? ⇠ l?



Evolution at small and moderate x
Moderate x (DGLAP dynamics) Small x

p?

l?
↵

↵0

rapidity factorization approach

light-cone expansion

We consider emission in both limits and 
combine results



Light-cone expansion (moderate x)
Moderate x (DGLAP dynamics)

p?

l?

• Parameter of expansion

• In coordinate representation is an expansion 

in powers of deviation from the light-cone

• Gluon propagator is linear in F 
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The structure at small x (rapidity factorization) is different



Light-cone expansion. Real emission
Lipatov vertex
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Light-cone expansion. Real and virtual emission
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Rapidity factorization approach (small x)

↵

↵0

Separate slow ↵ > �0

and fast fields ↵0 < �0

Fast fields form the shock-wave

Interaction with external field is 
inside very thin shock-wave

�⇤

To construct transition to moderate x we 
keep a finite width of the shock-wave



Rapidity factorization approach. Gluon propagator
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The gluon propagator has tortuous structure: 
nonlinear in F terms and quark contribution

Nonlinear te
rms

Quark contribution



Rapidity factorization approach. Real emission
Lipatov vertex

We take into account position of the shock-wave
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We apply the same strategy to calculation 
of the virtual correction



One loop correction for the whole region of transverse momentum 

One can unify result obtained for                (light-cone 
expansion) and                (rapidity factorization approach)
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Evolution equation of gluon TMD 
d

d ln�
hF̃ai(�

B

, x?)Fa

i

(�
B

, y?)i = 2↵
s

Tr

n

(x?|�
1

2

h
Ũ
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• No infrared divergency
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Nonlinear equation



DGLAP limit 
�B = xB ⇠ 1

� . 1

• Evolution equation is linear

• In the collinear case reproduce DGLAP
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Small x limit 
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Sudakov limit �B = xB ⇠ 1
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Fragmentation function
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Conclusion

• There is a difference between small and moderate x even at 
the level of definitions


• We’ve use light-cone expansion at moderate x and rapidity 
factorization at small x


• We’ve constructed evolution equation which is valid in both 
regions


• The equation reproduces different limits (BK, DGLAP and 
Sudakov)


• The equation is linear at moderate and non-linear at small x

• However evolution of the gluon fragmentation function is 

linear


