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Basic idea - � factorisation
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Evolution equation – Integral form

integral form: (Ellis, Stirling, Webber: QCD and Collider Physics )
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CCFM equation: small and large �
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Un-integrated gluon density

use H1 + ZEUS

� � data (from
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Effect of initial condition — small � - region
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where is:
small region ?
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Effect of intrinsic � - small � - region

6�� -3 0 ( * 2 � �3 � -� � 3 2 � 


�� � �
�( #* �$ ) # �

different choices for

$ )

matching with evolution

all describe

	 # with
similar 
 # � �

large

( * tail of intrinsic( *

☛ to be truncated ?

10
-4

10
-3

10
-2

10
-1

10
-5

10
-4

10
-3

10
-2

10
-1

1

10

 k2⊥=1 GeV
2

x
A
(
x
,
k
2 ⊥,
q_
2
)

Qs=1
Qs=0.8
Qs=0.6
Qs=0.4

10
-4

10
-3

10
-2

10
-1

 k2⊥=10 GeV
2

10
-4

10
-3

10
-2

10
-1

1

 k2⊥=20 GeV
2

 x

10
-2
10

-1
1 10 10

2
10

-2

10
-1

1

10

102

 x=0.001

x
A
(
x
,
k
2 ⊥,
q_
2
)

Qs=1
Qs=0.8
Qs=0.6
Qs=0.4

10
-2
10

-1
1 10 10

2

 x=0.01

10
-2
10

-1
1 10 10

2
10

3

 x=0.1

 k2⊥ (GeV
2)

HERA - LHC, Heavy Quarks WG, DESY, 2 June 2004 – p.7



CCFM unintegrated gluon density
- integrated -
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Saturation: soft (small �) region

saturation scale acc.
Golec-Biernat Wüsthoff
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at HERA mainly soft region...

☛ saturation in initial condition

☛ in non-perturbative region dur-
ing evolution with CCFM/BFKL
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Saturation in soft (small �) region
in � �� at HERA
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Saturation: perturbative (medium �) region

during evolution with
CCFM/BFKL,

( * can become
smaller

$ )

☛ recombination, non-linear
evolution

which

$ ) ?

☛ fit parameters from HERA !

strong dependence on !

sizeable effects ...
visible in u-PDF only...

0

1

2

3

4

5

6

7

10
-6

10
-5

10
-4

10
-3

10
-2

10
-1

 x

Q
s

x0= 0.0004
x0= 0.004
x0= 0.04
x0= 0.4

10
-6
10

-5
10

-4
10

-3
10

-2
10

-1
10

-4

10
-3

10
-2

10
-1

1

 k2⊥=1 GeV
2

x
A
(
x
,
k
2 ⊥,
q_
2
)

GBW-init
x0=0.4 e-4x0=0.4 e-3
x0=0.4 e-2

10
-6
10

-5
10

-4
10

-3
10

-2
10

-1

 k2⊥=10 GeV
2

10
-6
10

-5
10

-4
10

-3
10

-2
10

-1
1

 k2⊥=20 GeV
2

 x

1 10 10
210

-2

10
-1

1

10

102

 x=10-6

x
A
(
x
,
k
2 ⊥,
q_
2
)

GBW-init
x0=0.4 e-4
x0=0.4 e-3
x0=0.4 e-2

1 10 10
2

 x=10-5

1 10 10
2

10
3

 x=10-4

 k2⊥ (GeV
2)

HERA - LHC, Heavy Quarks WG, DESY, 2 June 2004 – p.11



Saturation: perturbative (medium �) region

during evolution with
CCFM/BFKL,

( * can become
smaller

$ )

☛ recombination, non-linear
evolution

which

$ ) ?

☛ fit parameters from HERA !

strong dependence on

$ ) !

sizeable effects ...
visible in u-PDF only...

0

1

2

3

4

5

6

7

10
-6

10
-5

10
-4

10
-3

10
-2

10
-1

 x

Q
s

x0= 0.0004
x0= 0.004
x0= 0.04
x0= 0.4

10
-6
10

-5
10

-4
10

-3
10

-2
10

-1
10

-4

10
-3

10
-2

10
-1

1

 k2⊥=1 GeV
2

x
A
(
x
,
k
2 ⊥,
q_
2
)

GBW-init
x0=0.4 e-4x0=0.4 e-3
x0=0.4 e-2

10
-6
10

-5
10

-4
10

-3
10

-2
10

-1

 k2⊥=10 GeV
2

10
-6
10

-5
10

-4
10

-3
10

-2
10

-1
1

 k2⊥=20 GeV
2

 x

1 10 10
210

-2

10
-1

1

10

102

 x=10-6
x
A
(
x
,
k
2 ⊥,
q_
2
)

GBW-init
x0=0.4 e-4
x0=0.4 e-3
x0=0.4 e-2

1 10 10
2

 x=10-5

1 10 10
2

10
3

 x=10-4

 k2⊥ (GeV
2)

HERA - LHC, Heavy Quarks WG, DESY, 2 June 2004 – p.11



Perturbative Saturation in
�
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Perturbative Saturation in
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The Beginning, Not the End

��
� - factorization: the tool for stduy saturation

study intrinsic

�
� distribution

study soft saturation region at HERA with charm
☛ only possible with

�
� - factorization

☛ coll. factorization NOT applicable

study perturbative saturation region at LHC
☛ visible effects at small 7
☛ forward region at LHC
☛ significant effects in cross section
☛ only estimate in

�
� - factorization

Be aware of saturation when looking for Higgs ....
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