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Color dynamicsin photoproduction of jetsat HERA

Color Factors'

e The color factors (Cr, C 4, T) represent the relative strength of the processes
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e Their values are predicted by the underlying gauge-group structure
— for SUN): Cr = (N? —1)/2N,Cp = N, T = 1/2

e The color factors determine the relative contributions of the various subprocesses
— e.0. ineTe™ — 4 jets the contributions from gggg and qgq’q’

e Since the couplings ggg and ggg have different spin structures, the color factors
give rise to a specific pattern of angular correlations between the final-state jets
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Color dynamicsin photoproduction of jetsat HERA

Color Factors' i
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e The effects of color factors have : =L x D=5
been extensively studied at LEP by % i 08| ]
measuring the angular correlations ! 0_6; - D
between the final state jets in : | ! e |
ete™ — 4 jets = 10f ] o4 ) ’
(e.g. using the Bengtsson-Zerwas - abelian 02 ® w |
variable x gz: angle between ¢ 20w w0 s i o AP OPALZOL |
the plane of jets 1-2 and that of jets 3-4) o . P e
= Determination of the ratios C 4, /Cr and Tr /CF —7
photon / Jet
e In ep collisions at HERA, the effects of the color factors
are expected in the photoproduction of three-jet events =
——
proton e
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Color dynamicsin photoproduction of jetsat HERA 4

Photoproduction ofJetsI e eﬁ’ P e S o
a

e Production of jets in ~p collisions has been
measured via ep scattering at Q% =~ 0

e At lowest order QCD, two hard scattering p Qs i
processes contribute to jet production = N praon D a.
N
t
| | | Resolved process | \ proton.
e pQCD calculations of jet cross sections Direct process

1 1 1
Ojet — Z/O dy fﬂy/e(y) /0 dx., fa/'y(w'yv l‘%‘»y) L dx, fb/p(wpa U%‘p) O ab—jj
a,b

longitudinal momentum fraction of v/e™ (y), parton a/~ (x-), parton b/proton (x,)
— f~/e(y) = flux of photons in the positron (W W approximation)

— fa/~(T~, n3.,) = parton densities in the photon (for direct processes (1 — x.,))
— fo/p(Tp, ,u%p) = parton densities in the proton

— Oab—j; SUDProcess cross section; short-distance structure of the interaction
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Color Factors: Direct vs Resolved Processes'

et et et

- Jet Jet
Jet
proton et proton proton
DIRECT PROCESS (3 JETS) RESOLVED PROCESS (2 JETS) RESOLVED PROCESS (3 JETS)

e Resolved processes (dijet): the triple-gluon-vertex contribution already appears in the
production of dijet events — not a distinct feature in the final state jets

e Resolved processes (trijet): new color factors contribute to the production of three-jet
events — a rather complex situation to disentangle the effects of Cg, Ca4, ...

e Direct processes (trijet): sensitive to the colour factors Cr, C' 4 and T through
the angular correlations between the final-state jets (clean!)

e Observable to separate resolved/direct = mf;bs(?)jets) — ﬁ 2?21 E%eti et
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Color dynamicsin photoproduction of jetsat HERA

Photoproduction of Three-Jet Events'

e Direct processes provide a clean way to study the effects of the different

color configurations

Cr-Caxp

Cr-Tr

e The predicted cross section at O (aa?) can be written as

Tp -

Ca

Tep—sjets = Caroa + CpCa-op + CpTr-oc + TrCa-op
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‘ Photoproduction of Three-Jet Events' " ositron

e Variables to highlight the contributions from
the different color configurations
) . PHOTON .
= angular correlations between the jets INCOMING

GLUON

INCOMING

— Oy, the angle between the plane determined by the
highest EI°* and the beam and the plane determined by °H TN
the two lowest EX* jets (Mufioz-Tapia, Stirling);

— a3, the angle between the two lowest E%‘?t jets;
(inspired by the variable agie_ for eTe~ — 4jets)

— Brsw, defined by

cos Bxsw = cos 2 [Z[(P1 X P3), (P2 X PB)] + £[(P1 X PB), (P2 x P3)]],
where p; 1s the momentum of jet i (ordered according to decreasing EJ;?t) and

—

pp IS a unit vector in the direction of the proton beam;
(inspired by the Korner-Schierholz-Willrodt angle @‘;;L;;V for eTe~ — 4jets)
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Color dynamicsin photoproduction of jetsat HERA

M easurementsof Three-Jet Eventsin Photoproduction I

e Measurements using HERA | data: £ = 127 pb—1
e Jets identified using the longitudinally invariant k4 cluster algorithm

In the laboratory frame: at least three jets with E%?t > 14 GeV, —1 < Pt < 2.5
e Kinematic region: Q? < 1 GeV? and 0.2 < y < 0.85

y
[

184
16 -
14 1

~ 2200 three-jet events
satisfying 2°%(3jets) > 0.7

ETA PHI =3 UCAL transverse energy
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M easurement of the Distribution in @ g I

PO — ZEUS —— e Measurement of the normalised cross section
S . seus(re) 9500 1/0 da/d_HH for_the_ production of events
g  — PYTHIA restdir with three jets satisfying
002 | — PYTHIATes 1 ES' >14GeV, —1 < et < 2.5
- — PYTHIAdrr and  x°Ps(3jets) > 0.7
'~ — HERWIG 1 o -
I t | inthe kinematic region
oL 1 Q2 <1GevVZand0.2 < y < 0.85
* e Comparison to the predictions of PYTHIA
and HERWIG (leading-logarithm parton-shower
« O —++F+++F+ | calculations based on SU(3))
CEL 05  HERWIG - — PYTHIA reproduces reasonably well
i\ E —\_/\ iz - - -
= z Py BB the measured distribution
& 05 } — The distributions for direct and resolved
N R N B - processes (~ 34%) are very similar
0 20 40 60 80
eH
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M easurement of the Distributionsin a3 and BKSWI

e The distribution In aa3

peaks at gz ~ 0
e The distribution in

cos Bk sw has a broad peak

between -0.5and 0

e Comparison to the predictions *
of PYTHIA and HERWIG
(leading-logarithm parton-shower | __~
calculations based on SU(3))

— PYTHIA reproduces
reasonably well the

measured distribution

(data-PYTHIA)/PYTHI

(Vo) do/dcos(a,)

=
(&

1

05
0
05
1 b

~ZEUS

e ZEUS (prel.) 95-00
PYTHIA restdir
- — PYTHIATres

| —— PYTHIAdir

. —— HERWIG

| 1
cos(al,)

(1/0) dc}/dcos(BK s&)

(data-PYTHIA)PYTHIA

=
(&

=

0.5

. o o
= (6] o ol
1

o
T

~ZEUS

* ZEUS (prédl.) 95-00

PYTHIA restdir -

— PYTHIA res
— PYTHIA dir
— HERWIG

— The distributions for direct and resolved processes are similar

e Experimental uncertainties: the statistical uncertainties are dominant
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‘ Fixed-order Calculationsfor the Photoproduction of Three-Jet Events'

e Fixed-order (O(aa?)) calculations using the 003 [

O]
program by Klasen, Kleinwort and Kramer 5
— direct processes only S | Fixed-order QCD
—s choice of scales: ur = pr = ER* (highest E5S°%) 092 i

— proton PDFs: MRST99 parametrisations

e Parton-to-hadron corrections estimated with PYTHIA
= small effect on the angular distributions (< 5%)

e Small theoretical uncertainties

— higher-order terms (by varying ur)

— uncertainties on the proton PDFs

e The program has been modified to allow the calculation for given input values
of the color factors (Cr, Ca, TF):

Tep—sjets = Cproa + CpCa-op + CrTr-0oc + TrCa-op

e Example: the distribution in 8 for the contribution op (termwith Cr - Cp4) ¢

Is particularly distinct from the other color configurations due to diagrams — g

001 -~

0 L L L ‘ L L L ‘ L L L ‘ L L L ‘ L
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‘ M easurementsvs Fixed-order Calculations (Contributions) I

@.03 T T T T T T ‘ US T T T T /?) L T T T T T T T T US T T T T T i —~~ L T T T T T T T T ‘ T T T T
o & &
2 IR 1 1
3 " e ZEUS (prel.) 95-00 18 15 *ZEUS(prel.)95-00 - g 15 - e ZEUS(prel.) 95-00
® i 13 Fixed-order QCD S Fixed-order QCD -
=) | Fixed-order QCD 3 = |
— =) °
002 + Oa 13 g
T o-B 1 ~ 1
001 | i
I 0.5 05
0 | | | | | | O O
0 20 40 60 80 -

cos(a,,)

e The contribution o g (term with C'r - C 4) exhibits a very different shape
than the other contributions in all three distributions (0 g, as3, Bk sw)
e The other contributions are better separated by the distribution of aa3
e The predicted relative contributions for SU (3):
A (C%) — 13%,B (CrCa) — 10%, C (CrTF) — 45%, D (TrCa) — 32%
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‘ M easurements vs Fixed-order Calculations (Complete) I

- ZEUS

(Vo) doldcos(a,)
=
(03]

SN

. —Cg=0

—ZEUS

| e ZEUS (prel.) 95-00
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—ZEUS

=
o

(1) dofdcos(B, o)

SN

¢ ZEUS(prel.) 9500 _|
— SUQ)
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—— SU(N), largeN
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S
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S | — SUE
002 | — U@’
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0.01
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2 .. 1
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-05
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e Comparison to fixed-order calculations based on di

(data-SU(3))/SU(3)

cos(By sw)

fferente symmetry groups

SU (3), SU(N) with N > 1, U(1)? and the extreme choice Cr = 0

e U(1)3 vs SU(3): similar shapes due to the smallness of o g
e The data disfavour T /Cr =~ 0 (SU(N > 1))orCr = 0
e The predictions of SU (3) describe reasonably well the data
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Summary'

e Measurements of angular correlations
between the final-state jets (and the beam)
In the photoproduction of three-jet events
— consistent with the admixture of color
configurations predicted by SU (3)
e The measurements disfavour Tx /Cr = 0
as predicted by SU (IN) with large N
or the extreme choice Cr = 0
e The observables O, a2z and Bk sw
— sensitivity to Cr - C 4, but the
predicted contribution is small (10%)
— large contribution (32%) from T - C'4,
but not enough sensitivity

=> New variables are needed to enhance the

(Vo) do/dcos(a.,;)

(data-SU(3))/SU(3)
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——C.=0

-1

- [///] theoretical uncertainty
B g
W; 3 n —3
_1 : | | | | | | | | | | ]
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cos(a,,)

contribution from the triple-gluon vertex in gluon induced processes
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