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CCFM equation: one loop — all loops

./4(33, kta q_) — -/40(337 kt)As(q_a QO)—l_
[ & [ £20(7— 2q) - AT, 20) P (2, 4. ) A (2, K}, q)

CCFM Splitting fct:  P(z,q, k) = 22402 | @) A (5 ¢ k)

1—z
Sudakov A (a,b): probability for no radiation in |a, b]

‘ angl'”ar Ordering: Cj > Zndn, dn > zn—lina ey 41 > Qo |
small x (all loops) / large @« (one loop) \

[0 BFKL limit (z — 0) [0 DGLAP limit (z > 0)
0 angular ordering O DGLAP splitting fct P with Apg =1

— No restriction on g; [1 angular ordering — ¢; ordering
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Precision fits to F,(x, Q?)

With o = [ dkidz,A(zy, k3, q)o(v*g* — qq) fit Fa(z, Q?)

$» more precise data:

Hl NPB 470 (1996) 3., EPJ 21 (2001) 331. LLN 16| o H1 Q2:5 Gé\/z
ZEUS zpc 72 (1996) 399., EPJ 21 (2001) 443, 1al L 12003 set 1
& fit Q2 > 4.5 GeV2, z < 0.005 Y oo |
®» small k; - region ? 1r *
® full splitting function ? 8;2 *
04 - e H1 coll, EPJ 21 (2001) 331 —+=
Fits to Fy(z, Q%) 161 =65 |
set kgt X /ndf 14—+ :
(GeV) ndf =248 1.2 - .
kS¥t = Qo 1.33 1.29 1y i
full splitting  1.18 1.18 82 S -
JS2001 0.25 4.8 04 | T L Zeus con epu 21 (200 438

0% 10° 10% 10710" 10° 10% 10°
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All loop fits to Fy(x, Q?)

© o o 0o 0 b

°

all-loop splitting function

full angular ordering

use off-shell BGF ME,only gluons
mq = 0.250 GeV, m. = 1.5 GeV

fit F» for Q% > 4.5 GeV?, z < 0.005
similar x? for different intrinsic k;

Gaussian: 0.3 - 0.9 GeV

sensitivity on starting scale

initial gluon density

< - _
X 4 Qg=1.1 GeV
o - (1-x)
| L ---- =1.3 GeV
i i Qg e
25 fmrrrreesmeng e
2 |-
1.5 B
1 L
0.5 B
i ‘ Il Il \\\‘ ‘
0= -3 -2 -1
10 10 10 10
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All loop fits to Fy(x, Q?)

initial gluon density

® all-loop splitting function

® full angular ordering 2 ! 1o — Qg-iicev

® use off-shell BGF ME,only gluons % oo l ................... o

® m, = 0.250 GeV, m. = 1.5 GeV N — .

® fit I for Q° > 4.5 GeV?, £ < 0.005 f l

® similar x? for different intrinsic k, s f N
Gaussian: 0.3 - 0.9 GeV 1 (115

» sensitivity on starting scale .

® find 2 solutions (at least)...

® large z not really constrained 0 103 | 102 | 101 o N

®» small z similar
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All loop fits to Fy(x, Q?)

choice of factorization scale ...

initial gluon density

® CCFM: ordering in rapidity of 4

53
emitted gluons o I
<>£<3_5 - — Qg=1.3 GeV
® 2 _1qi-1 < q < gwith b
gi = Ti—1v/8& = 1p_—t,i, :
_ - 25 =
®» what is factorization scale g?
2 -
® P =zVEs=5+Q}
15 A
® or related to p; of quarks ? %4 < 3 : =8+ Q
1 1 }
® fit F, for Q% > 4.5 GeV?, z < 0.005
05
0 k—6 ‘—5 - —éi | ‘—3 ‘—2 ‘—1
10 10 10 10 10 10
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All loop fits to Fy(x, Q?)

choice of factorization scale ...

initial gluon density

®» CCFM: ordering in rapidity of

24T

emitted gluons 2"35 F2PUAD e
® 2 191 < g <qgwith . k j C opiscey

¢ = Ti—1V8& = 1p_—t,ii ‘
®» what is factorization scale g? * 3
® =85 =5+ Q3 o [
» or related to p; of quarks ? % & il ?=5+Q;
® fit I, for Q% > 4.5 GeV?, z < 0.005 '
® change of small z behavior... - | | | | |
® shorter evolution ladder 0° 07 0 10° w0’ w00
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All loop fits to Fy(x, Q?)

choice of factorization scale ...

e

© o oo 0o 0 b

CCFM: ordering in rapidity of
emitted gluons

Zi—1Qi—1 < q; < q with

gi = Ti—1v/8& = 110__12

what is factorization scale ¢g?

g = CCéQ)ES =54 Q3

or related to p; of quarks ? % < §
fit F5 for Q% > 4.5 GeV?, z < 0.005
change of small x behavior...

shorter evolution ladder

different shape in k;

initial gluon density

q=4 GeV

102
10401 10 10°10%40%1 10 10°1040% 1 10 102108

ki GeV?)
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Effect of initial condition — small k; - region

A(SE, kt,(j) = Ao(x, kt)AS((j, Qo)—l—
[ £ [ £30(q— 29)A4(, 20):
ﬁ(zaQ7 kt)A(fakéaq)
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Effect of initial condition — small k; - region

—J2003set 1 Q=1GeV Q=4 GeV

o

A(xy kt, Q) = AQ (.f ]Ct) (q’ QO) S, _ -._.nobranching
X

/£ I & q@ (@ — 2q9)As(q, 2q9)-

P(z7Q7 kt)A(ZaktaQ) _ \
I[D_i

=

6? Q=6 GeV Q=10 GeV
integrated pdf: f';’ 10l
effect of evolution and initial condition 8
not clearly separated ... 1f
o A
where is: 0% 10° 10° 10" 10" 10° 107 107" 1

e small &k, region ?
e saturation region ?
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Effect of initial condition — small k; - region

A(z, ke, @) = Ao(z, k) As(g, Qo)+

[ £ [ £50(q - 2q)A:(7, 2q)-
P(ZaQ7 kt)A(;aktaQ)

Advantage of uPDF:

Initial condition clearly seen
In small &£, region

even at large scales g

g= 10 GeV

Ko — J2003 set 1
I(@ ... nobranchi ng
N

4

<

N—’

<

X

' 410°%10% 10" 104 10% 102 10" 1
X
e 3 _ J2003 set 1
|ﬁ10 r ... hobranchi ng
U LF
~ -1F
%10 r
~ -2
<10 |
X _3f
10 r _‘
10 x=0.001}
10 | ]
- 6F :
10 Lt s sl o s
10 1 10 10 10 1 10 10 10 1 10 10° 10

ki GeV?)
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Effect of intrinsic k; - small k; - region

q=4 GeV
AlO r
T 1 e
Nx 10-15 o @fé ‘e ",
® Ao(z,k) =Nz*(1—1zx)°- I %fg
2 2 L A
exp (—k
p ( t /QS ) 10 %} k2=l GeV?
® different choices for Q. o'k
10 2 sssnsed s ssssenll 4 wossedl 4 uaw anssased o uosseedl o ouassedl oo ad PP B
® matching with evolution 107100102105 10° 105102107 100 15 192 a0l 1
® all describe F with 102, X
- - 2 (\IA i _
similar x° ~ 1 T %3 [ P
: . x 10 F >0 0
® large k; tail of intrinsic N ®=0-4
k¢ < 1}
[0 to be truncated ? 10}
102.— ---_1-- = ._.2 - --_1-- = "42 - N
104041 10 10°20%01 1 10 10°16%40* 1 10 10°10°

k% GeV?)
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Small k; - region - saturation

® during evolution k; can
become small

® [, cut - freeze as

® [, cut - acc. saturation
model:

_ A
L — (=) ?
t cut o

zo = 0.004 and \ = 0.28

ktcut

(X/XO)-Iam/Z
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Small k; - region - saturation

4= 4 Cov
AlO
i‘lo'lirj Sat cut )
® during evolution k; can Z10%}
become small 10'3;— =t Gov?
® [, cut- freeze as 10'4ér
® [, cut - acc. saturation 10'1:.21"'1"5.'3“'1"5.'2“‘1‘(‘).'1"'1“0.;1"1;.5"13.'2'“1‘5.i"'io_;f'l"o_s TP

model: X

_ A
L — (=) ?
t cut o

zo = 0.004 and \ = 0.28

104 -
104011 10 10°1040% 1 10 101640t 1 10 10 10°

ki GeV?)

3rd Lund small & Workshop, 7-8 May 2004, DESY, Hamburg — p.8



Conclusions

® CCFM uPDFs for systematic studies
[] small x behavior of starting distribution
[] choice of factorization scale O small x behavior
[l intrinsic k, effects...
[1 small k; In evolution
[] saturation ?

#» perform global fits for uPDF (including quarks)

#» systematic studies of uPDF needed for
(] applications also for LHC: Higgs
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