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Parton dynamics at high energies

central region
[] single particle production

From central to forward (proton) direction:
forward jet production
forward 7° production

From forward back to central rapidities:
[] instantons

Conclusion
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Multi parton dynamics at small x

®» describe multiparton emissions only in approximations

® put everything beyond O(a?) into‘ Evolution Equations I

_ DGLAP BFKL CCFM
BUT whic h’? single ladder 2 ladders ordered in
use when ° ordered in p; each ordered inp;  energy/angle
resolved photon — factorization
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Overview

forward
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single particle

production: B A\ J1‘(e)trward
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Particle production In central region

e.g. K, in photopr oduction

ZEUS

photoproduction of jets with Ko — 777~

-15 0 15 2.8 Niab
155° o 25° 7° )

® ZEUS (prel.) 96-97
Energy scale uncertainty

—HERWIG

- - PYTHIA

) (pb)

large Er central 7, region

well described by:

e LO Monte Carlo PYTHIA/HERWIG
e based on DGLAP

e including fragmentation
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Parton dynamics at small :

forwar d jets and forward =°

DGLAP works fine in central region !
Investigate forward region

_ Xp; small
Anything new there ?
Observe deviations from DGLAP ? _

. evolution
[ evidence for BFKL ? from large
or to small x

o
LECCREMT ‘forward’ jet
or _ Bet _
Mt Eproton large

[1 no approximation is good ?

Mueller - Navelet jets in DIS: Jet (7¥) in p - direction with
P2 ~ Q2 z,. large, BUT small zy,
[0 suppress DGLAP (Q?) evolution allow evolution in z (BFKL)
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Parton dynamics at small a: Forward Jets |

H1 Forward Jet Data

Xpj small 3250 ‘ ‘
S Prer>3-5 GeV
evolution é @ H1 data, prel.
from large <200} — CDM 5
to small x © DGLAP(DIR)
© DGLAP(DIR+RES)
'forward’ jet CCFM
X Bt = large 150 -
et Eproton T

100
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DIS : 5 GeV* < Q? < 75 GeV?
forward jet (incl. k; algorithm)
7.03° < 0jer < 20.0°

Tjet > 0.035

p%'t
0.5 < Q"; < 2

0.001 0002 0.003 0.004
X

DGLAP too small, need resolved virtual photons ?!?

or Color Dipole Model (CDM)
or k, factorisation with BFKL or CCFM




Parton dynamics at small 2: Forward 7° |

ij small

evolution
from large
to small x

"forward’ TT°

DIS : forward 7° (instead of jet)
5° < 0, < 25.0°
x> 0.01

DGLAP too small , need:
e resolved virtual photons ?!?

e CCFM too small at small z 7!
e WHY 2?17
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Parton dynamics at small z: Forward 7° Il

- H1 Forwardr’
o -1.25<n * <-0.25 | -0.25<n * <0.25
w 12 __ __ ;'L%'l'.'
=7 g <Er>=40Gev |
“o10F -
had CMS = [ [
o' 8r -
= [ [
1_ _dE S 6 -
= :
2 2|
forward’ T — 0 '
1 0.25<n.<2.0 "
o 12y NNy
10 / e H1 prelimin%ry
: : ; —— DIR+RES, G+4p?
in hadronic CMS / : \ ! R
S I I S [t CCFM (CASCADE]

e 1 close to proton
e 7 towards photon
e Fp-flow around :

transverse momentum compensation
along ladder

O N b~ OO @©

------- DIR (LO DGLAP)

P > 2.5 GeV
5°<0_<25
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Back to the central

__—

significant deviations from DGLAP é Xbj S current quarl
0 related to small z QCD (4 X If?rsétsgﬁon
O related to g — gg vertex v~

[l related to non-abelian structure of QCD

vacuum structure of QCD ?

Instantons ? -

Investigate again central region in DIS

Anything new there ? ;

Observe deviations from Known 2
0 high multiplicity events
0 evidence for InStantons ?

or ?
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Particle production:

Instantons are:

$» non-perturbative
fluctuations of the
gluon field !?!

$ tunneling transitions
between topologi-
cally non-equivalent

vacua !?!

current quark

| fireball

®» multi particle produc-
tion in n band

Instantons

Theory - Phenomenology:
A. Ringwald F. Schrempp 1994 - 2001
Discrimination:

® standard DIS MC simulation
» Instanton MC QCDINS
® combination of different cuts
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Particle production: Instanton results

N
H1 Data | 484
CDM 443757
MEPS 304722
» More events found than
expected, really ?7?
® Large model depen-
dence
» Probe instanton size in

DIS
resolution Q"% ~ 1/p ¢y

small p.rs calculated

perturbatively

/\E Lattice-Data: UKQCD
— s | Pert. Theory

e Lattice meets Instanton

perturbation theory

e turn result into limit on

Instanton size p. ¢

do /dp, d(R/ p_,) [pb/fm]
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Large size instanton
excluded !7?!
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Conclusions and Summary

Understanding high energy QCD parton dynamics is challenge !!!

Single particle photoproduction in central region:
[1 well described in standard DGLAP simulations

New high statistics measurement of forward jets and forward pions performed

[1 cross sections much larger than standard DGLAP predictions
0 need to go beyond DGLAP, BFKL ... CCFM 7?77

Instanton search:
large size instantons excluded

challenge to understand better standard QCD background

Future:
[1 more data still to come

[1 improvements in theory needed (NLO In k;-factorisation etc...)

Impor tant steps towards

under standing QCD at small x '
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