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Status of CCFM in 2002

doing it better, now !
new fits to new data
non leading contributions ...

forward jets, again...

un-integrated gluon density of the photon� � �

production in � �
conclusion
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Basic idea - � factorisation

� � � � � � � �� � � � � � � �� � � � � � � �� � � � � � � �� � � � � � � �� � � � � � � �� � � � � � � �� � � � � � � �� � � � � � � �

� � � � � � � �� � � � � � � �� � � � � � � �� � � � � � � �� � � � � � � �� � � � � � � �� � � � � � � �� � � � � � � �� � � � � � � �

� � � � � � � � �� � � � � � � � �� � � � � � � � �� � � � � � � � �� � � � � � � � �� � � � � � � � �� � � � � � � � �� � � � � � � � �� � � � � � � � �� � � � � � � � �
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Structure Function �  !#"

�$

together with G.P. Salam, EPJC 19, 351 (2001)

With % � &' ( )� ' *,+ - . * +/ ( )�/ �� 0 % . � 132 1 4 � �� 0 fit

5 ) . */ 6 ) 0

(data from H1 Coll, NPB 470 (1996) 3.)
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CASCADE with CCFM: the solution ...

Solve CCFM equation
to fit

5 ) data from HERA

● obtain CCFM un-integrated gluon

CASCADE MC implements CCFM:

● predict fwd jet x-section at HERA ✔

● predict charm at HERA ✔

● predict bottom at HERA ✔ x

d
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● test universality of un-integrated
gluon density from HERA

● predict bottom at Tevatron ✔

● w/o additional free parameters

.

WOW !!!
DIS 2003, St. Petersburg, 2003 – p.4/15



What is new ?

last year:
☛ non-leading contrib utions (non-sing. terms, scale in PRQ )
☛ But: problems with cutoffs, stabilities, etc ....
☛ And problems to describe forwar d jet data...

NEW
☛ fit to 94 and 96-97

SUT data
☛ investigation of soft region in cascade , cutoffs, ...
☛ non-leading contrib utions (non-sing. terms, scale in PRQ )
☛ un-integrated pdf in photon

complicated machiner y: MC generation of pdf used in fits
(

VW X Y[Z \ W ]

calculations of full evolution for pdf ,

^Z \ W ]

for x-section)

onl y way for consistent results for hadr on level calcs
(never done for DGLAP !!! )
precision level now reached for

_a` - factorization
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New fits of un-integrated gluon density

use H1

5 ) data from 94 and
96-97

fit for * b FD F C 6 )�c dD J GeV

)

fit

6BA and normalization

Treatment of soft region
no

egf ordering ☛ diffusion into softh what about ikj at small

egf ?h splitting fct and non-Sudak ov ?
☛ non - resolv able branc hing
☛ but keep full kinematics
☛ no x-section enhancement
☛ no real emission

What is actual cut - what is soft?

h JS2001 had soft cut
elf m Won Y V

GeV

h now

ef m prq
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Impr ove CCFM Splitting Function: u
 

�
$

together with G.P. Salam

Original CCFM Splitting Fct:vxwzy {|~} ���� ���� � � �� � � � {| } �� � �
� ��� j ����� �f� egf �

���� �� j y � � i�j � e �f �

��q � � �� � � �� 9
� 9 � � ef � � � � � � � � � �f �

Chang e scale from

ef to �f in ij :v wzy {| } ��� � ���� � � �� � � � {| } ��� � �
� �¡� j ����� �f� elf �

���� �� j y � � �q � � �� �� �� 9
� 9 ikj � � � � � ef � � � � � � � � � �f �

���� �� j y Z Z Z �� 9� � � � � � � 9 �� 9
� 9 �¢�£¤ ��� ¥¦ 8§¨ �

worr y: lower limit � � �f © ª[«¬ ­ :h keep angular ordering (integral limits),
☛ but fix ikj belo w � ®¯ f y Won °

(set 0)h cut angular ordering (set 1)
☛ lower limit: ± ²³ ´�µ ¶¸·¹�º · »¼¹ ½
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Impr ove CCFM Splitting Function: u
 

�
$

un-integrated gluon density

for set 0/1 fit

5 ) data* b FD F C 6 )�c dD J GeV

)

new treatment of soft region

set 0:(fix 
�� , keep ang.ord.)¾ )¿ À � C�D I Á

for

À � C E Á

set 1: (cut ang. ord)¾ )¿ À � ID d

for

À � C E Á

(also large fluctuations !)

compare to old set JS2001

☛ angular ordering impor tant

also in non-Sudak ov

☛ Â � of fit pref ers set 0

10
-3

10
-2

10
-1

10
-5

10
-4

10
-3

10
-2

10
-1

1

10

 k2
⊥

s=0.5 GeV2

 x

x
A
(
x
,
k
t
2
,
p
2
)

set 0
set 1
JS 2001

10
-3

10
-2

10
-1

1

 k2
⊥

s=1 GeV2

 x
10

-3
10

-2
10

-1
1

 k2
⊥

s=10 GeV2

 x

10
-3

10
-2

10
-1

0.2
0.4
0.6
0.8

1
1.2
1.4
1.6
1.8

2

 k2
⊥

s=0.5 GeV2

 x

 
R
=
 
x
A
(
x
,
k
2 ⊥

t,q_
2
)
/
x
A
J
S
2
0
0
1

set 0
set 1

10
-4

10
-3

10
-2

10
-1

 k2
⊥

s=1 GeV2

 x
10

-3
10

-2
10

-1
1

 k2
⊥

s=10 GeV2

 x
DIS 2003, St. Petersburg, 2003 – p.8/15



CCFM inc luding full splitting function

h impr ove splitting function

wÄÃ Ã Å � iÇÆ
È � � �� j � �� � �
É

☛ to inc lude non-singular terms

wÄÃ Ã Å � iÇÆ
È � � �� j � Y � � � \ � � � � ���� �
É

h new attempt (idea by G.P. Salam):

wzy � i�Æ
È ���� � �� � � ���� � ��
É �� j � � i�Æ
È �� � � � � �� � � ��
É

h need also new Sudak ov:

���� � j y � ��q �� � 9
� � 9 Ê� � � iÇÆ

È � �� � � � � � ���� � ��
É

and new non-Sudak ov

���� �¡� j y � � i Æ � e � � � Ê� � �� � 9
� � 9

È ��� �� � � � ���� � ��
É

h soft region in non-Sudak ov ???
☛ keep angular ordering: set 0
☛ cut angular ordering: set 1
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Impr ove CCFM: full splitting function

for set 0/1 fit

5 ) data* b FD F C 6 )�c dD J GeV

)

new treatment of soft region

set 0:(fix 
,� , keep ang.ord.)¾ )¿ À � C�D EË

for

À � C E Á

set 1: (cut ang. ord)¾ )¿ À � C�D J for

À � C E Á

(but also large fluctuations)

compare to old set JS2001

☛ gluon pdfs are diff erent

☛ diff erent shape in Ì

☛ effect of non-sing. terms visib le

☛ cuts in non-Sudak ov (set 0/1) ...
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New pdfs and forwar d jets

comparisons to data:
cone jet algorithm (published H1 data)

incl. kt algorithm (prel. H1 data)

☛ x-sect. are different

☛ old set (JS2001) overshoots data

☛ new fits ☛ smaller x-sect.

☛ agrees better with new data

☛ even with full splitting fct.

similar to ARIADNE

success!!! was it only problem with data
???
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Un-integrated Gluon Density of Photon
together with M. Hansson

test machinery with one-loop
(DGLAP)

use gluon in photon from GRV
as input
use normalization at input scale

apply CCFM evolution (sing.
terms only)
with parameters obtained from
proton (

6BA � C�D E

GeV)

xA
(x

, k
t2 , q

−
)

 x

xA
(x

, k
t2 , q

−
)

 x

Í ÍÎÏÐÒÑÓ ÔÒÕÖ × ÔÒÕ Ñ ØÙÚ

First un-integrated gluon density of real photon
with full CCFM evolution
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Û

together with M. Hansson

use matrix elements in

( � -
factorization

☛ � � 4 � � �

☛ �2 4 � � �

☛ 2 2 4 � � �

☛ universality...

compare

ef -factorization &
CCFM with NLO:

using norm. from pdf
☛ CCFM similar to NLO

determine norm. for gluon from
charm ( Üy \n Ý

for res. Þ)
☛ CCFM larger than NLO
BUT still low for Þ Þ ß à � à

1
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What has been achieved ???

full machiner y for CCFM MC fits developed

new CCFM un-integrated pdfs from fits to more

SUT data

new studies of non-leading effects in CCFM:

☛ new treatment of soft region

☛ scale in P Q

☛ full splitting function with non-leading terms

new pdfs agree better with new, prel. forwar d jet data ...
even inc luding non-leading effects

un-integrated gluon of real photon obtained
better than collinear NLO for á á â ã ä ã

data, BUT still ...
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Outlook

new CCFM parameterizations availab le

perf orm also One-Loop (DGLAP) fits

uncer tainties: changing upper scales

CASCADE also with resolved photons for åæ and å å

other hadr onic final states:

☛ jets

☛ heavy flavors

Un-integrated gluon density and CCFM evolution -

entering now precision level and fine tuning !!!!
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