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Basic idea - k; factorisation
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evolution of parton cascade
with DGLAP splitting fct.
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\ initial distribution:
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- BGF matrix element

—_JS(CCFM) Q=10GeV

o(ep — €'qq) = [ LA QLL [ Pki6 (5, ke, Q)zgA(zg, ki, 7)
with [ & kixgA(zg, b, q) =~ 1,G(xg, Q)
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Basic idea - k; factorisation

CCFHM CCFM (all loops)

® angular ordering

(instead of g; ordering)
BGF matrix element |  A,,. (non - Sudakov)
off mass shell

—_JS(CCFM) Q=10GeV

evolution of parton cascade
with CCFM splittina fct.

P=a, <1iz +1A,°

__JS(CCFM) Q=1GeV

- initial distribution: flat
-

o(ep — €'qq) = [ LA QL [ Pki6(5, ke, Q)zgA(2g, ki, )
with [ d*kizgA(zg, ke, q) =~ £4G(zg, Q)
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Evolution equation — Integral form

integral form: (Ellis, Stirling, Webber: QCD and Collider Physics)
Az, q) = A(z,q0)As(q, q0)+
f Ciz f a;;] ' AS(@ Q)p(za )A (%7 Q)

differential form (DGLAP)
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CCFM equation: small and large «

./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) = 224020 | s Ap (5 0 k)

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

‘ angular ordering: ¢ > 2nGn,@n > Zn—1Gn, s ---, q1 > Qo |
small / large @ \

[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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Un-integrated gluon density

® use H1 + ZEUS F; data (from a=10Gev
94 and 96'97) 10 J2003 set Ji
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#® fit normalization 7, R
ininitial pdf z.4o = N(1 —2)* <0
_ _ 10 k?=0 GeV*
® fit collinear cut Qg .
and starting scale . .
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» treatment of soft region X X X
no k; ordering O — J2003 set 1
0 diffusion into soft AL oo |
® full splitting function 1o
(including non-sing. terms) :5 102
10°
-4 x=0.
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Effect of initial condition — small k; - region

A(.CC, kt, Q) = .Ao (ZE, kt)AS(q_, Qo)—|—
J £ LIN (G, 2q)-P(z,..) A (2, K, q)
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Effect of initial condition — small k; - region

—~

o _ J2003set 1 Q=1GeV Q=4GeV
X -.._nobranching
O

=

A(z, kt, ) = Ao(x, ki) As(q, Qo)+

fdzd q q’zq)ﬁ(z’)A(fak;:)q) 3 \
I[D-:

integrated pdf: g Q=6 Gev Q=10Gev
effect of evolution and initial condition Q

=

not clearly separated ...

|
T

where is: 10
e small k; region ?
e saturation region ?
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Effect of initial condition — small k; - region

f dzd q

= Ao (@, ki) As(q, Qo)+

As(q,2q)-P(z,..) A (%, ki, q)

Advantage of uPDF:

Initial condition clearly seen
In small k; region

even at large scales g
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Effect of intrinsic k; - small k; - region

q=4 GeV
AlO r
NI
(\Ix 10-15 o @ié ‘e ,
® Ao(z,k) =Nz*(1—1zx)°- I §fg3
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® different choices for Q. o'k
10 2 sssnsed s ssssenll 4 wossedl 4 uaw anssased o uosseedl o ouassedl oo ad PP B
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xG(x,Q)

xG(x,Q)

CCFM unintegrated gluon density

- Integrated -

CC_:FM gluon integrated over k;
Jo ARz Az, ki, @) = 2G(x, Q)

__Qs=10 Q=1GeV Q=4 GeV
....Qs=04
10F Qs=0.6
....Qs=0.8 i .
1 _ \
10
Q=6 GeV
10 K
l n
10 |

® difference in i_ntr_insic ki
Q=10 Gev hardly visible

/

Integrated gluon density:
[] not sensitive to
Intrinsic ky

10 10% 10710 10* 10° 0% 100 1
X

-1

X

Goto unintegrated pdfs I ' '
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Saturation: soft (small k;) region

i ~ (x/ %)™
$ saturation scale acc. ;
Golec-Biernat Wiisthoff °r T oo
_2 [
/Ct cut — (;_0) : >
zo = 0.00004 and \ = 0.28 4|
® fix free parameters !l! 3l
» at HERA mainly soft region... ,
1 \
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Saturation: soft (small k;) region

O o0 e e

saturation scale acc.
Golec-Biernat Wusthoff

PN
beew = (35)

xo = 0.00004 and A = 0.28

fix free parameters !!!

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 k;) region

IN cc at HERA

—~ 5 —~ 30
= fe)
S45 | < i —x,=0.00004
a) o s 25 ¢ e x;=0.004
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» reconstruct K, (gluon) p, (DD-pair)

k: = pS +p5 — p]
[1 sensitive to small k,

® in~p CMS: p;(DD)

only visible in k; factorisation
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Saturation: perturbative (medium k;) region

® during evolution with < | (x/%0) ™2
CCFM/BFKL, k; can become 61 %= 00004
smaller Q S .
[J recombination, non-linear
evolution e
® which Q, ? 3f
0 fit parameters from HERA ! LN
1y
0 i | | | | |
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Saturation: perturbative (medium k;) region

e o 0 b

during evolution with
CCFM/BFKL, k; can become
smaller Q,

recombination, non-linear
evolution

which Qs ?
fit parameters from HERA !

strong dependence on Q) !

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

g= 10 GeV

10 L

el o ssomll o sonnll osssnell o assell »oas

k=20 GeVf

sosml o sosell o sosd ossomdl o aseell 3y T BT BT BRI BETT T

1090 1040 10 20 10 90 20 40 10 20 4090 30401040 L 1

X

1 10 10 10
kT GeV?)

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



Perturbative Saturation in pp — bb

10 op = bb, 14 TeV

-

-8-6-4-20 2 4 6 8

N b

for perturbative saturation, need small £ ~ 10~°
look for bottom production as fct of n

goto forward region
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Perturbative Saturation in pp — bb

~10°; —
N Q| pp > bb, 14 Tev 2
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for perturbative saturation, need small £ ~ 10~°
look for bottom production as fct of n

goto forward region
Factors of 5-10 In xsection
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Perturbative Saturation in pp — bb
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The Beginning, Not the End

®» k,; - factorization: the tool for stduy saturation

o study intrinsic k; distribution

& study soft saturation region at HERA with charm
[1 only possible with k; - factorization
[ coll. factorization NOT applicable

# study perturbative saturation region at LHC
[ visible effects at small x
[] forward region at LHC
[ significant effects in cross section
[1 only estimate in k; - factorization

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