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Parton dynamics at low x

Perturbative expansion of parton evolution ﬁquations ~ Zmn Amn

Cannot be explicitly calculated to all orders

Approximations ‘ summing subsets of terms

* DGLAP: ) (o, In Q?)"
Ordering in x, strong ordering in Kk
X1 > Xy > o > X > X, = Xg;
o Kt ki? <<k <<..kpng®<< k2 =Q7
#* BFKL: > (o,In (1/x))"
Strong ordering in x, no kyordering

Xq >> X, >> .. >> X4 >> X, = Xg;

# CCFM : In Q?and In (1/x)
Angular ordering
8,>>06,,>>..>0,>0,

In(Q2)™ In(1/x)"

High
Density
Region

Non-perturbative region

> DGLAP successful at high Q2 but expected to break down at low Q2 and low x

» BFKL should be applicable at very low x

» CCFM expected to be valid in whole x, Q2 range
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QCD Calculations

DISENT/NLOJET++: Fixed order QCD partonic cross section, on mass shell ME
+ DGLAP , (collinear factorization)

DISENT NLOJET++
LO NLO
—(_,.—"‘/ 44;__..-—-‘"'—’.- O
rg____l Cy T a: , — _2 __..?
R : ﬁ_ + Virtual Corr. 3t 3 - —
/E‘rv | E—r'r ; to LO L | b
k=0F LT b :
o
s NLO for dijets: O(z ?) s NLOfor 3-jets: O(z %)
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MC Models

LEPTO: LO ME on mass shell + PS in DGLAP ¢ ?’___

—» Strong ordering in k;

P

CASCADE: LO off mass shell ME + PS based on k- factorized CCFM evolution
transverse momentum of emitted gluon kf klcut

uPDF set1 : kf“t= 1.33 GeV

cut kt — factorization
uPDF set2 : kl =1.18 GeV =
Non-singular term in splitting function k4 0\ E"""
: : t
At small xg; no ordering in K
ARIADNE: implementation of Color Dipole Model (CDM) y
Jeat
=» Independently radiating dipoles formed by emitted Jet
gluons P

. Lf.l i LY LT I
=» Random walk in k;

Two versions, with defalt tuning (default) and retuned by H1 (tuned)
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Forward Jets

Cvinnt O 1At oA~l N
VCIIL X JTL OCI

At~
CULIVI I

Kinematic range
98-00 Data, L = 82 pb-?

Xp; small
20 < Q?2< 100 GeV?
0.0004 < xg;< 0.005 evolution
from large
0.04<y<0.7 to small x

Forward Jet selection

Inclusive K; algorithm p

"forward’ jet

E;
X = e = large
Jet Eproton

Ejét> 5 GeV

2< nie<4 3 1.4 unit more forward than before

LRE(FRIeRTR . W E ot ~Q2 suppresses DGLAP evolution

PN R Gl Xic: = Ejo/Epoton >> Xg €Nhances BFKL evolution
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Forward Jets

ZEUS
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€

.

d*o/dQ’d(E’
2 400 GeV?  36< (E'y) <100 GeV?

2 <36 GeV?

et
1)

25< (B

et
1)

100< (£

[

=
¥

S
=3
o

=]

ZEUS

20< Q7 <40 GeV>

: : :
= NLO (ug=p;=Q)
--- LO R F

/7771 NLO Uncertainty

£ Had. Cor. Uncertainty |

-
.
-
------

0.1

1 0.025

0.005

Forward Jets

40< Q* <100 GeV*

T
[ 1 Energy Scale Uncertainty |
® ZEUS 82pb’ |




~]
ol |
&)
2
A\
-]
e
~ =
>y
P =«
% 0
e"g
g 8
:T;'M
=
DS
F{?;'ﬁér
o
N
o 0
S
@) w
w0
-U°002
3.
A\
-]
e
=
Vv
2
o

=]

Forward Jets

ZEUS

40< Q* <100 GeV*
T T T T
__ | Energy Scale Uncertainty |
® ZEUS82pb’

20< Q” <40 GeV*
—— ARIADNE
=== ARIADNE (tuned)
—————— LEPTO
o 0.1
.---.---I i
iy L Touwa@ans
o 'NIII!III!III!I:
' 0
— 0.05
1 0.025
0
| 0.005
0




Forward Jet + Dijet

Event & Jet selection

Kinematic range the same as for ~“AMWWWWWA 7 jet 1
inclusive forward jets A
. Y jet 2
_—>
Forward jet the same, ’ gww
0.5 < (EJ*Y)?/Q? < 2 constraint excluded : an,

Two additional jets with Ej¢t > 5 GeV !
forward jet

Nel < Njet 1 < Njet2 < Nforward-jet
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Forward Jet + Dijet
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Summary & Conclusions

ZEUS measured jets at small xg; in highly extended forward region
NLO is significantly below the data for inclusive forward jets

NLO for forward jet + dijet undershoots data in the region of
pseudorapidities where multigluon emission is favoured

LO DGLAP-based MC, Lepto, is twice below the data

CDM (Ariadne) is capable of successfully describing the whole
volume of the data

Cascade MC fails to successfully describe the measurements,
other sets of uPDF are to be tried. The data obtained could be
highly useful for further uPDF adjusting
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Forward Jet + Dijet
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Set 1 is above data

Set 2 Is below data
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