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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
bb production in v+

conclusion
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Basic idea - k; factorisation

CCFM

BGF matrix element
off mass shell

P:as( 1

1—z

Initial distribution: flat

evolution of parton cascade
with CCFM splitting fct.

+ %Ans>

CCEFM !l

® angular ordering
(instead of ¢; ordering )

» A, (non - Sudakov)
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Structure Function Fy(x, Q?)

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

With o = [ dk2dz g A(z,, k2, Q)0 (v g* — qq) fit Fo(z, Q?)

(data from H1 Coll, NPB 470 (1996) 3.)

Parameters in fit = i i i I
(fitted forQ2 > 5Gev2,a: < 10_2) 175 — Q*=1.5|- *=2.5 |- Q*=3.5 |- Q=5 Q*=6.5
$» starting scale & cut-off for 15| — casoadE - - -
. 1.25 — — — — —
resolvable branching + - i M I I
=14 GeV il - - - -
@o = 1466 L I i i
® freezing of a,(k;) for k; — 0 e = - e
treatment of soft region L oasl oo | s | i
0 see later ol ) . i i I
® quark masses: T I I
n t . L " L n
mg = 0.250 GeV, m. = 1.5 GeV 2| N I I
. e 228 = = =
® initial gluon z Ao (z, k%) 2 i i i
175 — — — — Q=90
15 = = =
unintegrated gluon density L I I I
— 0.75 — L L
v A(z,k?,q) os|- i i i
. . 0.25 — — — L
obtained from fit to F e e S I e
107 10 10 10 10 '10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
X
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CASCADE with CCFM: the solution ...

Solve CCFM equation »
to fit F, data from HERA Sas0 |

S400 |
350

e obtain CCFM un-integrated gl 300 |

250

CASCADE MC im nts CCFM: igg H
e predict fwd Jet x-section at HERA [ 100 |
e predict charm at HERA [ 3 b

e predict bottom at HERA [

0.001 0.002 0.003 0.00:«

o  ppobX, vs=1.8TeV, lyI<1 ]

' i : g DFData |

e test universality of un-integrated (e it

gluon density from HERA A R — oascave ]
FBmuors \N

e predict bottom at Tevatron [ "] onasgets |

. |- Slrclusive i |

e w/o additional free parameters T o N

— Tf‘weoreticol U‘ncertoi‘nty‘ ‘ ]

WOW !
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What IS new ?
last year:

non-leading contrib utions (non-sing. terms, scale In ay)
But: problems with cutoffs, stabilities, etc ....
And problems to describe forward jet data...

NEW

fit to 94 and 96-97 F; data

Investigation of soft region in cascade, cutoffs, ...
non-leading contrib utions (non-sing. terms, scale Iin «,)
un-integrated pdf in photon

OO0 e (JU O O e

# complicated machinery: MC generation of pdf used In fits
(50 ® 2-10° calculations of full evolution for pdf, 3 - 10° for x-section)

# only way for consistent results for hadron level calcs
(never done for DGLAP !l )

precision level now reached for k; - factorization




New fits of un-integrated gluon density

® use H1 F; data from 94 and

g= 10 GeV
96-97 1w
. o .-l..-l.-...."... HHT Mingy,,
® fitforz < 0.01 Q* > 3.5 GeV? w1 ' .
| R Y [ W T
. - - ><'" 10 — K)ut:Q
® fit ()o and normalization 2 I ecsce
X 10 .. JS2001
107 k2=0.5 GeV? k3=1 GeV? k2=10 GeV?
Treatment of soft region }
- - c - 10
no k; ordering O diffusion into soft .
o What about as at Sma” kt ? 10 10_4 1;_3 ];_2 14(.)_1 10__4 1;_3 ]T(;_Z 14(.)_1 10__4 1:)_3 ]T(;_Z 1;)_1 1
e splitting fct and non-Sudak ov ? X X X
. o 2
[J non - resolv able branc hing g 18k
. . L) ;
[0 but keep full kinematics < 16F  =o0s5Ge? k%=1 Gev? k=10 Gev?
: X 14F
[ no x-sectlo!w gnhancement S 12f- K=o
[0 no real emission s  Lp- Ky=0oce’
< 08}
;, 06 f
What is actual cut - what is soft? X 8-‘2‘ o
& . x
e JS2001 had soft cut k; > 0.25 GeV 10 710 210 210 110 10 210 210 10 10 %10 210 L 1
® NOW k;: > Qo X X X
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Original CCFM Splitting Fct:

p — as(qltilz_z)) + O_‘s(zkt)AnS(z’ qs, kt)

—as (ki)
o &[4 990 (k, — q)O(q — 2'q1)

log Aps =

Chang e scale from k; to g: in as:
P — as(qe(1—=2)) _I_ &S(qt)AnS(Z)qt)kt)

1—=2
1 dz/
0 =z/

Ok — q)O(q — 2'q1)

dq 1

log Aps = —

fd2 as
logAnSZ...

f(z;qt)z

q? log(q/Agcp)

worry: lower limit 2'q; < Agop:

e keep angular ordering (integral limits),
O but fix as below ¢¢** = 0.9 (set 0)

e cut angular ordering (set 1)

O lower limit: max (2’q¢, g°*%)

W 3 original /
[ e a(q) set O A&°
— 1 e asgq; set /&
10 = S
-2
10 F
WOfB | £9=5,k=10 Ge
4§ S
= 3 .2 - 1
10 10 10
Z
2107y
SRLLLY a(q) set O
---------- a,(q) set
original
10

| g=5, k=10 GeV

1 p
original
""" () s
— 1 e o.(q) eV
/‘O = ~‘:,
-2 F
0}
1 073 B q=10, k=5 Ge
woﬁ4 ":ml - |
S —2 —1
10 10 10
Z
2107
o e a(q) set O
---------- a,(q) set 1
original
10 F

[ q=10, k=5 GeV
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Improve CCFM Splitting Function: o,(q;)

un-integrated gluon density

® for set O/1 fit F, data
r < 0.01 Q? > 3.5 GeV?
new treatment of soft region

®» set O:(fix ag, keep ang.ord.)
x?/N = 1.27 for N = 147

®» set 1: (cut ang. ord)
x?/N = 2.3 for N = 147

(also large fluctuations !)

$® compare to old set JS2001

XA(X, k, 2, p?)

[0 angular ordering impor tant

also in non-Sudak ov

R= xA(X, k§, g°)/ XA352001

O  x? of fit prefers set 0

k=1 GeV? k2=10 GevZ§
* 107 10" 1P 107 10t 1
X X
k?=1 GeV? k?=10 GeV?

10° 107 10" 104000t
X

102 10% 107" 1

X X
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CCFM including full splitting function

9}
= =
< f == origindl

e improve splitting functon ¢ F e Uispie. segse

ng ~ O (%Ans + i)
[J to include non-singular terms
P,, ~ as (%Ans—2+z(1—z)—|— 1i )

z

e New attempt (idea by G.P. Salam):
P =a; ((1 2 42U “")) Ans+as (1; - “"(12"‘))

e need also new Sudak oV; o F e ful spitt. set 0
""""" ull splitt. se

1 z(l Z) m— Ooriginal

loc A, = — ( )
g S fo q I _|_ WQ |
and new non-Sudak ov 4=5, k=10 GeV
_ 1—

log Aps = k) [ fdz’ dq <1z,z e > z)>

e SOft region in non-Sudak ov ???
[1 keep angular ordering: set O
[0 cut angular ordering: set 1
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Improve CCFM: full splitting function

for set 0/1 fit Fy data
z < 0.01 Q% > 3.5 GeV?

new treatment of soft region :C;
® set O0:(fix o, keep ang.ord.) K
x?/N = 1.48 for N = 147 3
®» set 1: (cut ang. ord)
x?/N = 1.5 for N = 147
(but also large fluctuations)
$® compare to old set JS2001
0 gluon pdfs are diff erent <
O  diff erent shape in z <<
1 effect of non-sing. terms visib le N—f
[0 cuts in non-Sudak ov (set 0/1) ... | <
&

10
1
-1
10
— full set 0
0 - fullsetl
. JS2001
10 3 ké:05 C‘JGV2
-4
10
107 . .
-3 -2 1 -3 -2 -1 -2 -1
107 10° 107 10° 10° 10 10 1
X X
2
__ fullset©O
18F — full set 1
1.6 k2=0.5 GeV? k2=1 GeV? k2=10 GeV?

®10% 10°

1072 107

X

10"
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New pdfs and forward jets

comparisons to data:
cone jet algorithm (ubiished 11 data)
Incl. kt algorithm rel. 1 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
?7?7?
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Un-integrated Gluon Density of Photon

together with M. Hansson

test machinery with one-loop Vo =2 Bev <=4 Gev
(DGLAP) 2::’ woz _____
. 10 * =~ SO
use gluon in photon from GRV - derivative GRY
as input o ——ccmu ‘
use normalization at input scale ol '
i 1
apply CCFM evolution (sing. s 0k
v WOﬁ1 L K=6 GeV K,=8 GeV
terms only) =10
with parameters obtained from % ' F
proton (Qy = 1.4 GeV) or
10 F
wofi—
0k
w L

First un-integrated gluon density of real photon
with full CCFM evolution
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together with M. Hansson

® use matrix elements in k; -
factorization 3
O~y — bb S0°)
O ~g — bb E
0 gg — bb E
[0 universality... 107
®» compare k,; -factorization &
CCFM with NLO: 0
» using norm. from pdf :
[ CCFM similar to NLO
® determine norm. for gluon from 1

oLS3

A ALEPH
V¥ OPAL

O TASSO
X TOPAZ
W TPC/2y
“ AMY

O Venus
¥ JADE

CCFM n=1.7
DGLAP

charm (n = 1.7 for res.~)
[ CCFM larger than NLO
BUT still low for vy — bb
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What has been achieved ?7?77?

# full machinery for CCFM MC fits developed

# new CCFM un-integrated pdfs from fits to more F, data
# new studies of non-leading effects in CCFM:

[ new treatment of soft region

[1 scale In «a,
[ full splitting function with non-leading terms
o

new pdfs agree better with new, prel. forward jet data ...
even including non-leading effects

°

un-integrated gluon of real photon obtained
better than collinear NLO for vy — bb data, BUT still ...
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o new CCFM parameterizations available

# perform also One-Loop (DGLAP) fits

uncer tainties: changing upper scales

® CASCADE also with resolved photons for ep and ee
# other hadronic final states:
[ jets

[1 heavy flavors

Un-integrated gluon density and CCFM evolution -

entering now precision level and fine tuning !l

DIS 2003, St. Petersburg, 2003 — p.15/15



	�egin {minipage}[h]{1	extwidth } �egin {center}�egin {tabular}{c} Status of CCFM - \ un-integrated gluon densities end {tabular}end {center}end {minipage}
	�egin {tabular}{c} Basic idea - �oldmath $k_t$ factorisation end {tabular}
	�egin {tabular}{c} Structure Function �oldmath $F_2(x,Q^2)$
end {tabular}
	�egin {tabular}{c} CASCADE with CCFM: the solution ... end {tabular}
	�egin {tabular}{c} What is new ? end {tabular}
	 New fits of un-integrated gluon density 
	 hyperlink {nobody-is-perfect} {Improve CCFM Splitting Function: �oldmath $alpha _s(qt )$}
hypertarget {alphasq}{ }
	�egin {minipage}[h]{1.1	extwidth } �egin {tabular}{c} Improve CCFM Splitting Function: �oldmath $alpha _s(qt )$
\ un-integrated gluon density end {tabular}end {minipage}
	hyperlink {nobody-is-perfect}{ mbox {CCFM} including full splitting function } hypertarget {fullsplitt}{ }
	 {Improve CCFM: full splitting function} 
	 {New pdfs and forward jets} 
	 Un-integrated Gluon Density of Photon 
	 �oldmath $gamma gamma 	o b �ar {b}$ 
	�egin {tabular}{c} What has been achieved ??? end {tabular}
	�egin {tabular}{c} Outlook end {tabular}

