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e Outline
— Deepinelastic scattering (HERA)

— ~p collisions(HERA)
— ~~ collisions (LEP)
— pp collisions(TEVATRON)
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Jet Production in Neutral Curr ent Deeplnelastic Scattering

Os
o z q a |0
e Jet production in neutral Y

. . g
oc:mswgmmn_:m_mmzo P 5@ :

scatteringup to O(as): AN
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Quark-Parton Model Boson-Gluon Fusion QCD Compton

e Perturbati ve QCD calculationsof jet crosssections:

doju= 3. [ do fu(,ud) dba(a, au(un)s whs i)

— fq. parton a density in the proton, determined from experiment; long-distance
structur e of the target

— 6. Subprocesscrosssection,calculablein pQCD; short-distancestructur e of the
Interaction
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Jet Production in Neutral Curr ent Deeplnelastic Scattering

e In the regionwhere the wealth of data fr om fixed-targetand collider experimentshas
allowed an accuratedetermination of the proton PDFs,measurementsof jet production
In NC DIS provide

— a sensitve test of the pQCD predictionsof the short-distancestructure
— a determination of the strong coupling constant o
e To perform a stringent test of the pQCD predictionsand a precisedetermination of a:
+« Obsewablesfor which the predictionsare dir ectly proportional to o
— Jet crosssectionsin the Breit frame
x Small experimental uncertainties — Jetswith relatively high transverseenemy
+ Small theoretical uncertainties — NLO QCD calculations
— Jet algorithm: longitudinally invariant k1 cluster algorithm (Catani et al)
(small parton-to-hadron effects,infrar ed safe,suppressionof beam-remnantjet)
— Jet selectioncriteria
e Exploration of the parton evolution at low « = footprints of BFKL effects?
e Exploration of the low Q? (transition) region=> resohed virtual photons?
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High- E+ Jet Production in the Breit Frame

m+
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/_o:oﬁo:
N q
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virtual
photon

virtual
photon

q
BORN PROCESS BOSON-GLUON FUSION OCD COMPTON

e In the Breit frame the virtual bosoncollideshead-onwith the proton
e High- Er jet production in the Breit frame
— suppressionof the Born contribution (struck quark haszero Er)
— suppressionof the beam-remnantjet (zero Er)
— lowest-order non-trivial contributions from~*g — ggqg andv*q — qg
= dir ectly sensitve to hard QCD processes$a)
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NLO QCD Calculations of Jet CrossSectionsin DIS

e Several NLO QCD programsare available for performing jet crosssection
calculations— DISENT (Catani and Seymour), MEPJET (Mirk esand Zeppenfeld),
DISASTER++ (Graudenz), NLOJET (Nagyand Trocsany)

e NLO corrections  — virtual correctionswith internal particle loops

— real correctionswith athird parton in the final state

e Different methodsto calculatereal corrections:

— phasespaceslicing method (M), subtraction method (D, D++, NJ)

e Sincethere aretwo hard scalesan jet production, the renormalisation and
factorisation scalescan be chosenasoneof thetwo, ur, ur = Q or mm»&

e The calculationsare for jets of partons and the measuementsare doneat the
hadron level — needto correctthe calculationsfor hadronisation effects

e Theoretical uncertainties:

— terms beyond NLO, which are usually estimatedby varying g by factor 2
— uncertaintieson a5 (M z) and the proton PDFs
— uncertainty coming from the hadronisation corrections
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Jet Finding and SelectionCriteria for Dijet Events

Jet Transverse P
Plane MW
O
virtual (m
photon L]
proton \.ﬁhﬁﬁ
BREIT
FRAME
Jet
e Longitudinally invariant kr-cluster g
algorithm in the n-¢ plane of Breit frame £’

e Dijet selectioncriteria:
— Symmetric cuts on EZ¢%1 ()

= danger
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: jet,1(2
— Symmetric cuts on B2 and cut on sum

jet,1(2)

— Asymmetric cutson E.

= NLO calculationsfor dijet crosssectionscan be (infrar ed) sensitve to the selectioncriteria

NLO QCD Dijet Cross Section (ux=Q) Q> > 470 GeV*

5 10 15

Eri (GeV)

L

8 9 10

m.: min AOO/\V

o (GeV)

0.04

0.03

Ert min AOm<v

Fro (GeV)

0.04

0.03

8 9 10

Evt min AO®<V

J Terron (Madrid)

S. Peterslurg, DIS 2003

April 23rd, 2003



Testsof perturbati ve QCD with hadronic final statesin hadron-inducedreactions 7

Dijet CrossSectionsin NC DIS (5 < Q* < 15000 GeV?)

e Measurementof differ ential dijet crosssections
over awide rangein Q% — 5 < Q2% < 15000 GeV?
and 0.2 < y < 0.6 for dijet production with

6hadr. = (Ohadron - Cyparton) / cyparton

EZ41®) (Breit)> 5 GeV T o e

.mwm.,m?HAw—.m_cl_lmmw;m?NAwﬁm_ﬁvv 17 GeV 03 m\ (a) e mOxo_cM_.,M_m kg

—1 < nieb1(@)(Lab)< 2.5 04 oo T
10 HON How “_.Oh

e Detailed investigationof the jet algorithms:
— Smallestparton-to-hadron effects: inclusive k-

Q? | GeV?

M i inclusive dijet cross section
® OOB_UQ_,_mOD with NLO OOU calculations: zn/v Hon .............................. inclusive k., algorithm
— ur = Er,purp = +/200 GeV 3 | H1
— CTEQ5M1 parametrisations of proton PDFs R

— parton-to-hadron correctionsapplied e BT

* (E;, +Ey,)>17GeV

e NLO QCD givesa gooddescription of the data over 1| " EnrER)>a0cey

awide rangein Q2 and Er; the Q% dependencds O W)
obsewedto bereducedat high- E1 and describedby NLO 10 B Y Y E——
Q? / GeV?
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Dijet CrossSectionsin NC DIS

ﬂmV./ e H1 data
(¢}
e Measurementof double < o HLdata s L6 Ao ()
: : : 3 NLO CTEQsM1| = =
differ ential crosssections 5 U F NLO © (148y)| oy 0 Gev?
— Z i ° =S
&Q.\&E.N.N&@M. &Q\&mﬂm&ﬁww o 104 2 —— Q?/ GeV? m [5 ... 10]
< g = (x10%)
over 5 < Q2% < 5000 GeV? : [T u B
e It isobsewvedthat thespectra & | N Y o
. 20 S ?..G m !

getharder asQ? increases 1027 e 0., 20 | o
e NLO QCD describeswell the ol : |
dataover15 < My; < 95GeV | === 20.. 3 i

JJ ' % (x500) e
and 8.5 < Er < 60 GeV exceptat * | o
low Q2, where the shapeis ok .t | L . A1
but not the normalisation o B £ s

10 ¢ -2
o O<®_\<m®<<“ m._“ S_QT @N AV .NO mw®<wv H*H_Noomw%e 10 - ——&—— [200 ... 300]
. -3 \\ ) i (x 10)
NLO describesthe data well; 0 10" e — 1300 a0
) C | 1 -
asQ* decreaseghe theoretical LA e S0 ==
uncertainties becomelarge incl kalgoritm___feo.soany| 10 f "0 Lo 1005000
@ 15 N,o w,o k_.,o m,o | ﬂ,o, ,n_.mro 8.510 20 30 40 70

and NLO fails for Q2 < 10 GeV? M, | Gev B grer | GEV

J Terron (Madrid) S. Peterslurg, DIS 2003 April 23rd, 2003



Testsof perturbati ve QCD with hadronic final statesin hadron-inducedreactions 9
Dijet CrossSectionsat Q% > 470 GeV? and extraction of o
MH_..w n
e Dijet crosssectiondozy1/dQ* for < | Rl W )
470 < Q2 < 20000 GeV? L T e o119
jet,1 : 3 i . . a P MBFIT (a_=0.113)
5" Breit)> 8 GeV T
E7""“(Breit)> 5 GeV s Mo
et,1(2 2.w‘po.pw 016 |
—1 < piet1)(Lab)< 2 T | ol
. — ﬁ&qml_l“_.\ﬁmom Ho.m 012
— | Ratio mwwnTH = doto:/d0? Ll

e Small experimental uncertainties.

-3

10

e Comparisonwith NLO QCD omuﬂ_oc_m&%m‘o P
e Small theoretical uncertainties:

=

. 5 005 [ ..nlu.o.om - J/ |
— uncertaintieson the proton PDFs 5 or £ O I
. . . R-o.om B R-o.om o -,\%\l\l\, N
— hadronisation corrections 005 |- 10° 10
. o f Q% (GeV?)
— higher-order terms (> NLO) 005 [
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Uncertainties of the Proton PDFs: effectson jet crosssection

. . . . . XJ; M. Botje, Eur. Phys.J.C14(2000)285
e Comparison of jet cross-sectiorcalculationsusing 5,
. . . - . 2 2
differ ent parametrisations of the proton PDFs P = Q=10 GeV
O CTEQ4M

(e.g MRST vsCTEQ) DOESNQT giveareliable o
estimation of the uncertainties due to the proton PDFs |
e Several groupshave developedmethodsto quantify B
theseuncertainties by accounting(properly) for , )
— the statistical and correlated systematicuncertainties °3 | N
of eachdata setusedin the determination of the PDFs2 XS (x oﬁ
— the theoretical uncertainties affecting the extraction o: | > 7
of the PDFsin the DGLAP fits
e Botje’s analysisprovidesthe covariance matrix w0 w0 a0 X
(Vp,..p») Of the fitted PDF parameters({pax }), the derivativesasfunctions of Q?and x
(e.g Og(z, Q?)/0p,) and several setsobtained under differ ent theoretical assumptions
= evaluation of the uncertainty on any function of the proton PDFs(e.g o jet)

. 2 __ @Q.u.mﬁ @Q.u.mw
Abqwm.ﬁv — My»t @Nut. .‘\Nut\qﬁv, @NUV,

XJ (X 0.05)

0.4 |

o b
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Dijet CrossSectionsat Q% > 470 GeV? and extraction of a,(Myz)

| B2+1

e NLO QCD calculationsof dos 1 /dQ?
dependon az(Mz) through

— Matrix Elements:6 ~ A - o, + B - a?

— proton PDFs: a; assumedn evolution

e Totakeinto accountthe correlation
the NLO QCD calculationsare performed
using various setsof proton PDFs

(in agiven Q? range) NLO QCD

measuied value

which assumediffer ent valuesof o,
e Theresulting NLO QCD calculations
are parametrised asa function of as (M2

S

in eachregionof Q2 of the measuements
e From the measured value of R4 In each

regionof Q? the value of a;(Mz)

and its uncertainty are extracted

QmAENv

RN

0.110... 0.116... 0.122
CTEQ4AL...CTEQ4M...CTEQ4A5
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Dijet CrossSectionsat Q% > 470 GeV? and extraction of o

ZEUS
e Study of the scaledependencef a(Q): )
from the measured Ry 1 (Q?) in eachQ? region °©,, | o fomR,,,
— as(< Q >) is extracted e ZEUS 96-97
The measurementsare consistentwith 0.16 e

the running of a., predictedby perturbati ve QCD
e A combinedvalue of a; (M z) hasbeenextracted:

0.12

as(Mz) = 0.1166 £+ 0.0019 (stat.)

+0.0024 +0.0057
T0.0033 (€xP:) ggoss (th.) 01
e The theoretical uncertainty dominates: o | | | |
__ +0.0055 &, " -~ - b
— terms beyond NLO Aag(Mz) = |o.ooB+ g o f | | |
N 0.0012 _ o
— uncertainties proton PDFsAas(Mz) = "5 o011 masg“ )
. . . L \\
— hadronisation correctionsAas(Mz) = +£0.0005 0os Lo L b 0 L0 1001
20 40 60 80 100
Q (GeV)

Impr ovementsdependupon further Theoretical Work

J Terron (Madrid) S.Petershurg, DIS 2003 April 23rd, 2003
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Inclusive jet CrossSectionsin NC DIS and extraction of o,

e N — . . . .
H1 inclusive jet cross section in the Breit frame > 10 —__e— inclusive jet cross section
150 < Q*< 200 GeV? 200 < Q?<300GeV?  300<Q?<600GeV? 600 < Q? <5000 GeV? m m e H1 data
S : : i L NLO O (1+45,,,) 2 10 b —* NLO CTEQ5M1
e 15 - - - [ cTeQsmi | T - ---- NLO O (1+9,,4,)
m 1 II+\I+|Im| ......... R . IT#I ........ 1I+|I+|Im| DMI o J |
° 05 " incl. k; algorithm g 3 g dT 1 w\ —— Om | GeV?
- - — S
p.mw - r \ 20& 10 w o —— Axﬁwmv...moo_
1 zI_TITml ......... 1|TI+|Iw| ....... xI.TITL\ zlflfim..\w o rl
- Aachen algorithm : r - 10 -2 |
05 .| A = B T L s —®— [200 ... 300]
7 10 20 50 7 10 20 50 7 10 20 50 7 10 20 50 - * (x 20)
E, / GeV 3
. . . 10 FE
e Measurementof the differ ential crosssection —— (300 6500]
: : . . : 4 (x2)
do /dErdQ? for inclusive jet production with 10" b
Nw%mgw_\m_cv 7GeVand -1 < Su.m?HAva_lmﬂUvA 2.5 o S| _:m_. k algorithm =—g=— Boo...mJoe
over 150 < Q2 < 5000 GeV? ro 0 0 100
_mﬁ_.mr_wqm: [ GeV

e The complication of selectingdijet eventsis absent!

e NLO QCD givesa gooddescription of the data over the whole rangein E+ and Q?
J Terron (Madrid) S. Peterslurg, DIS 2003 April 23rd, 2003
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. . O_ 0.26 a, from inclusive jet cross section
Um.ﬁm ﬁg _ _J m.._”_ O _J o._" Q.m S for CTEQ5M1 parton densities

0.24 _I_ H_. 150 < Q* < 5000 GeV”

e Theinclusive jet crosssectiondo /dE-dQ? over 0.22 inclusive k., algo.

° aE)
s a (M)

150 < Q% < 5000 GeV? hasbeenfitted usingNLO 02
QCD calculationsand the CTEQ5M1 proton PDFs 018
to determine a; (Er) and a combinedvalue of a5 (Mz)™ "

as(Mz) = 0.1186 % 0.0030 (exp.)

0.14

{\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\

0.12
+0.0039 +0.0033 =
T0.00a5 (the) Zg'g023 (Pdf.) 0.1 F, . | i
2
. ‘e 10 10
e No significant dependenceon the a; assumedn PDFs E, /GeV
[ |_|—._m ._”—Jmoq.mﬂom_ C:O@:D._J._”v\ QOB_DW._HQWH 0.13 B a,(M,) from inclusive jet cross section
higher orders and hadronisation Ac, = +10-0080 = | HL e
— higher orders and hadronisation Aas = Zgigogs 20105 | g p
o A _ +0.0033 ¢ [ 0
— uncertainties on the proton PDFs QXs = 00028 £ o] , . % i s
e The obsewved Er dependenceof a Is consistent £ H : O
with the running predictedby QCD Sousp
: : : : . 4 - 1 | ® CTEQ5M1 % Botje99 O MRST99 series
e Consistentwith determination of ag In e™e ° 011 | ® CTEQaseries, 5Hs O MRS R14
| A CTEQ Gluon Uncert. Study A MRS Ap series
RTINS TR R

e Competitive accuracyin determination of a SR R .

0.105 0.11 0.115 0.12 0.125 0.13

input: a (M) used in global fit of parton densities

J Terron (Madrid) S. Peterslurg, DIS 2003 April 23rd, 2003




Testsof perturbati ve QCD with hadronic final statesin hadron-inducedreactions 15

Inclusive Jet Production in NC DIS (Q? > 125 GeV?) and extraction of a,

ZEUS e Measurement(NEW) of inclusive jet crosssections
e A B . o : .
L . i in the Breit frame at Q% > 125 GeV? for jets with
O C ]
S 0] { Ef...>8GeVand -2 < nj, < 1.8
fe 1— nocutis applied in the laboratory frame
d E . Jet energy scale uncertainty 3 .
S o M0 0CD: coresstnasonie i Extraction of a; from do/dQ? at Q* > 500 GeV?
E a, (My)=0.1175 3
8.% — DISENT MRST9 (4, =% ) Qg AENV = 0.1212 H_H 0.0017 Am&m&.v
R DISENT MRST99 (11=Q) E +0.0023 +0.0028
o T0.0031 (€XP.) g g027 (th.)
10 F =
= = ———— e — i inties: T T T T T Average ||
Y A N e Theoretical uncertainties: N
12 1 — terms beyond NLO (3%) e
1F % ...... m .| e'e event shapes
0.8 MI_ N A:moﬂmzom_ uncertainty | Im |V C:O. U—xo.ﬁo: —Hvoﬂm AH&V ” m“ _Mmm“m”:ﬁmﬁ_o:
O:ma 11 MI__ @w _umm_“o:_-a_-:_mﬁ_“:_o_:_oo:mo:_o: o IM . <m—;< U—;mo_wam.ﬁm_\g_jmﬁ_mu: mum<m3m:%mﬁh|“||
1 F . Polarized DIS| |
0.9 WI = IW O._" Q.w AENV_ Deep Inelastic mnmnm%r@ A, IS)
" e Talkin WG-C by ZEUS spealer e T S SIVE
10 10 10 attice| —-&—
Q* (Gev?) voecay | JETSNC U_W
| o.in_. | | : o.”“f_.m | | o.ni_.h |
Qm:,\_Nv
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Three-jetcrosssectionsin NC DIS

e Three-jetcrosssectionstest QCD beyond LO directly — o3¢t o< a?

S

e At leastthreejets with < 1 [ - Hidam | 8
ot . 3 QcD: o ¢ Hldata  QCD:NLO(1+3, )
E2*(Breit)> 5 GeVands . | g I R B B o (M,)=0.118 40.006
; o | B T o6 | [ ] gluon: CTEQSML £15%
. jet o> .1 0.6
H A 3 A_IQ.—UVA N.m MaHo 03 Y 05 AAF\WLA 9
e Kinematic region: g’ PO P QCD: LO (145,
. B M,... > 25 GeV [EFEyRyereys ™
M33 > 25 GeV, oo Mo e |
B e H1data/NLO (1+3,_,) 7| Frpatseil T
lN“w A O.wm QDQ > 2 F B o (M,)=0.118 +0.006 [ _
% - ] gluon: CTEQ5M1 +15%
| cos 0] < 0.8 Bl S enOEn
g o (THat TR e | | Mo 250V
O.m | , , ,,,:;N , , ,,,,,;nw , , T ,,:; | ,,,:;N | ,,,,,;w | || ||
10 10 10 ”_.O ”_.O “_.O

2 2
e Comparisonwith NLO (O(a?2)) calculationsusing NLOJET Q" (GeV)

— The NLO calculationsgive a gooddescription of the data over the whole Q2 range

e Theoretical uncertainties from PDFsand higher order terms reducedin the three-jet
to dijet ratio but relatively large hadronisation corrections(10% — 18%)
— Potentially useful obsewnable to make an accuratedetermination of ag
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THREE-BODY REST FRAME

Three-jetcrosssectionsin NC DIS 1+2 —3+4+5

— 03 Is sensitve to the spin of the exchangedparticle
— )3 reflectsthe orientation of the lowesteneny jet

0.5

(32 (32
nn_\uv > L ¢ Hldata 5<Q’<100GeV’| = | e Hldata 5<Q°<100GeV’
S [ = QCD NLO D 08 | — QcD NLO

| === QCD LO Q - === QCD LO

o [ Phase Space v [ e Phase Space
=15 8 s

= 1
_O.od = 0.6 B
®) Ood. i

o 1 3 [

2 B
o - =
~~ B
—

o R P I S ——— 0 b—
-0.8 -0.4 0 0.4 0.8 0 1 2 3

cos 6 U]
e The cos 03 distrib ution _:Q_omwmmﬁ:mﬁ the highestenemy jet ﬁmwamﬁo go either
towards the proton or towards the photon dir ections
e The 13 distrib ution probesthe dynamicsbeyond LO directly
e The measuredangular distrib utions are drastically differ ent from phasespaceand
In goodagreementwith QCD

J Terron (Madrid) S. Peterslurg, DIS 2003 April 23rd, 2003
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ZEUS

Three-jetcrosssectionsin NC DIS

o 05
\_/Mu I ® ZEUS (prel.) 98-00
2Q [ ] Energy Scale Uncertainty
chm m 0.45 Y NLO(1+8,,,) : 0.5<(u/E)<2
S~ Myjer > 25 GeV
~ 0% g
Vool o ZEUS (prel) 9800 Dijets ¥ £
6 Y ZEUS (prel) 98-00 Trijets o 04
W 0 \ [ 1 Energy Scale Uncertainty W
zQ H\ 035
CH: H
Sl i
C 03
0 N‘ Mo > 25 GeV I
- NLO(+3,,) 00
0 w\ z_.oa:.v_g_v_ofamwv | 0.5~
Q15 F " - b) I
o & o Dijets/NLO: 0(¢.2) (//7) NLO:05<(y, IE)<2 ") o o
S15 - . 10° 10° o (V)
H r §y§ . :
O B /i) e Measurements(NEW) of crosssectionsfor three
dONm H\ . . . . . _
B el .| jet production in the Breit frame with £ = 82 pb—1
fu " TRsINO:0BS 00 NO:0S<(/E)<2 e Kinematic region: 10 < Q? < 5000 GeV?
T2k .
i Er jet(Breit)> 5 GeV, —1 < nje(Lab)< 2.5
a H ]
TS | MNfiets > 25 GeV

e Talkin WG-C by N. Krumnack
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Inclusive Jet CrossSectionsin NC DIS at low Q% (5 < Q? < 100 GeV?)

e Measurementof the differ ential crosssection

do /dE3 (Breit) for inclusive jet H1 Inclusive Jets

: . . >3 -1.0<n,,<05 | 05<n,<15 | 1.5<n,<28 |
production with EJ* > 5 GeV & = . ~ | -
e Comparisonto NLO calculations & 10 E 3
with pr = EX** and pp = Q | T | R - 7 |
— gooddescription of the data e . | I
o 3 E 2L EEEEEE E3
In theregion—1 < njet < 0.5 4 S |
. : jetlO | + H1 Data E3 E3
— failur eto describethe data at low E. m | |
. . 2L LOQCD | —] |
In theregion1.5 < Njer < 2.8, 0 __Nloocp |
wherethe NLO correctionsand 10~ Me=Er L L
uncertainties (terms beyond NLO) g1 hadronization | 1 ]
: Q o5 | L—Juncertainty |
arelargest and largestdifferences z " |
S
for 5 < Q% < 10 GeV? wom
=> Impr oved calculationsneeded S, ..H i 1 1 |
to understandjet productionatlow Q2 ~ 15 20 30 10 20 40 10 20 40
e Talkin WG-C by A. Specka E; [GeV]
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Jet Productionin NC DIS at low Q?

et e Who'’sthe probe/targetwhen mm.a& > Q7

virtual
photon

virtual
photon Jet

e ® Largelogarithms log E1+/Q
can beresummedby defining
PDFsfor avirtual photonin a
similar fashionasfor the proton
— Impr oving the calculations

by including higher-order terms

Jet Jei

proton proton

e Several modelsfor the virtual photon PDFsexist, which interpolate betweenthe
— leading-logpart of the real photon PDFs=> log E+/Agcp
— and the asymptotic behaviour predictedby pQCD = log E1/Q
e Parametrisations of the virtual photon PDFs:
Dreesand Godbole,Schulerand Sjostrand, Glick et al
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Dijet Productionin NC DIS at low Q% (1.6 < Q* < 80 GeV?)

e Measurementof dijet cross et Jet
sectionsfor jets definedin the

~*p centre-of-masssystem _—

using the inclusive k algorithm

e Phase-spaceegion: virtual proton

. . et hoton
Iniet:l — piet:2| < 1 P X, Jet

—3<n<—-0.5
E2 > 30 GeV? and |EZ*Y — EIEV? | J(EXEYT + EI9%) < 0.25
1.6 < Q% < 80GeV?and0.1 < y < 0.7
e Usefulvariable: the longitudinal momentum fraction of the photon’s momentum

carried by the interacting parton
. ] qu.mw | qu.mn .
xlets — 2jets 1,2 ) (sum over the two highest-E?¢* jets)
Y T
Mum: —DNQHOSmA o NwNv

— to separate‘r esohed” _u:oﬁo:m?uw&m < 1) from “dir ect” c:oﬁo:mﬁaw&m ~ 1)

= Measurementof the triple-differ ential crosssectiond®o \&Gmmwwgawma
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Dijet Productionin NC DIS at low Q% (1.6 < Q* < 80 GeV?)

e The distrib utions peak towards x?€t* =

1 A
— “dir ect” photon contribution HERWIGILO)/DIR - 77 HERWGHB)/ D8 =-] @ Hi Dot
® >m @N _Dmemmmmmﬁ jX@Q @H.. 30< EZ <45 GeV? 45< E2 <65 GeV?  65< EZ2 <150 GeV?  150< E 2 <300 GeV?
.. ) > wuowi ) C %10 © % 50
the crosssectionin the region S o .t 3 ol TT
o v N B a =t .
et 7 ” o~ ro . r r
x?*® < 0.75 (‘r esohed” photon) < T s - :
decreases D o T e — —
i : 5 10 Fox “x 2 ~x 10 ~ x50
e Comparisonwith models: N m m m ma m
© L L
— “dir ect” photononly doesnot ¢ % |

reproducethe data for z°t* < 0.75 &
— Inclusion of the “r esohed” _o:oﬁom
contribution impr ovesthe description
= Consistentwith the pQCD
expectationthat asQ? — E2 the
photon structurereduceso v — qq

075 F

05 |-

0.25

25.< Q* <80, GeV? 8.< Q* <25.0 GeV* 3.5< Q* <8.0 GeV*
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Dijet Productionin NC DIS at low Q% (2 < Q* < 80 GeV?)

e Measurements(NEW) of dijet crosssections * H1Preliminary Herwigdir  — Herwig dir+res +res
Herwigr
in the kinematic region2 < Q? < 80 GeV? o

36<E, 2<60GeV 60<E <120 GeV 120<E, 2<500 GeV

and 0.1 < y < 0.85 for jets with ,.W w sm.gﬁz mf e
E}** > 5GeV, Er > 6 GeVand IR RSt -+
—2.5 < njet(v*'PCMS)< 0 ww | | - _
e Comparisonwith modelswhich incorporate Wﬂm R - LW o
— only “dir ect” photon contribution 3 M lewrﬂT
— transversally-polarised“r esohed” photons ¢ M H : m.
— longitudinally-polarised “r esolved” photons 3 HMW. . . er. o
— kr-unordered initial-state parton cascades zm A er. —+
basedon CCFM evolution equationsand M 3 i g
an unintegrated gluon density function v ofF ST =
e Impr oved description of the data m im. : LW .
e Talkin WG-C by H. Jung zm 02 - .
B i e
Xy Xy Xy
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Parton evolution at low a

Searching for BFKL-induced effects

e DGLAP equationssumthe leading powers of a; log Q%

In the region of strongly-ordered transversemomenta
virtual Q* > k3, > ... > ki, > ki,
photon e Whenlog Q? < log 1/x terms proportional to
a s log 1 /x becomeimportant and needto be summed
¥ Kk the BFKL equationaccomplisheghat; the integration is
n T takenover the full kr phasespaceof the gluons
= no kr ordering
e Mueller and Navelet’s proposal:

X, _AG forward (proton’sdirection) jet production

¥ Kk —————  With x;/x aslargeaspossible
P Jet and k1 ~ Q

proton

J Terron (Madrid) S. Peterslurg, DIS 2003 April 23rd, 2003
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Measurementof Forward Jet Production at low x

e Measurementof the differential cross z *°g— 3 *F )
sectiondo /dx for jet production g wop T% o wssoma | 3 400
.M E —— RAPGAP 2.06 .M E —— LOBFKL
(conealgor.) in the kinematic region - ~ B b o omeEn
SR, -~~~ ARIADNE 4.08 E
1074 <2 <4-107° = X ia
Tiet = Fjet/Ep > 0.035 )
O.m A .NUWJ.Q.@N\@N A N. qo A Q.Q.m.ﬁ A NOO 0= m.oou_ - m.oom_ - A_u.oom_v - m.ooa 0= w.oow_ _ w.oow_. - w.oow_, - w.oo»
NUHJQQ& V MWom Om< A,_\rlv Om<v m mmmm Py o > 5.0 GeV m Nmmm Prjet > 5:0 GeV
e Strongrise towards low x is obsewved s 2t 5 2
e Comparisonto calculations - -

100 £
75 E

—s fixed-order (O(a?)) lie well below
the data at low «; variation of the scale o _\ o el
(Q?) leadsto 40% uncertainty T TRt T VL T TR 1T R T
— comparisonto BFKL calculation hampered by lack of higher-order and hadronisation
corrections,and implementation of jet algorithm
— modelswith extra parton radiation reproducethe data (interpretation?)

e Talksin WG-Cby L. Goerlich,S. LammersandR. Poeschl
J Terron (Madrid) S. Peterslurg, DIS 2003 April 23rd, 2003
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Measurementof Forward 7° Production at low x

N

=
o

o) 3 NI -
e Measurementof do . /dx = 0 - e H1 data w - LEPTO 6.5
for w° production in the B n Pr.>35GeV | & == _ EMO\MMMM
. . . s | Z I ot
Kinematic region ke 02l TR ~
2 < Q% < 70 GeV? o F g 10 S b)
. = E./E, > 0.01 - s F i
B e i —
mO A mﬂ. A Nmo H_.O - - || ..... |
ph_ > 3.5 GeV (hadronic CMS) | %
T - | 1 = e H1data
e Strongrise towards low x - a) E o sascev ¥
mm chm—/\mg “_. ] ] 1 1 _____ ] ] [ i ] ] __ ] ____ ] ] I
e Comparisonto calculations ~ 10° 10° 2 10 , 70
X Q" / GeV

— amodel (LEPT O) basedon parton emissionaccordingto the DGLAP splitting functions
agreeswith the data at high «, but falls below the data at low x
— amodified LO BFKL evolution equation (Kwiecinski et al) corvoluted with a 7°
fragmentation function givesa gooddescription; 60% scaleuncertainty on normalisation
e Talkin WG-Cby L. Goerlich
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Photoproduction of Jets e & photon

e Production of jets in ~p collisionshasbeen
measued via ep scatteringat Q? ~ 0

e At lowestorder QCD, two hard scattering p O
processesontribute to jet production = N groon D
Resolhedprocess
) ) ) . remnant
e pQCD calculationsof jet crosssections Direct process

1

1 1
dy .\.,Q\m@v\o dx., ,\..Q\QARQutwiv\o dxp .wo\ﬁﬁaﬁgtwu@v d& ab—sjj

&Q.u.mﬁ”MU\
a,b v0

9

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

— fa/~v (T, twiv = parton densitiesin the photon (for directprocesses (1 — x-))
— fo/p(Tp, twﬁv — parton densitiesin the proton

— Oab—sjj SUDProcesscrosssection;short-distancestructur e of the interaction

J Terron (Madrid) S. Peterslurg, DIS 2003 April 23rd, 2003
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Photoproduction of Jets

e Measurementsof jet photoproduction provide

— Testof NLO QCD predictionsbasedon current
parametrisations of the proton and photon PDFs

— Dynamicsof resolved and dir ect processes

— Photon structur e: information on quark densities

from F) in ete™

; gluon density poorly constrained.

Jet crosssectionsin photoproduction are sensitve
to both the quark and gluon densitiesin the photon

at larger scalesu?..

2
~ @ﬁu&

(200 — 10% GeV?)

— Proton structur e: well constrainedby DIS except

for the gluon density at high . Jet crosssectionsin vp

are sensitve to parton densitiesat ¢, up to ~ 0.6

e Obserwvable to separatethe contributions: the fraction
of the photon’s energy _om:_o_cmg:@ In the _uqogco:o: of

the dijet system

HQWM

~

N@

um.n

M - qumﬁ

N
o

]

= ¢ OPAL (0.1<x<0.6) ¥ TOPAZ (0.3<x<0.8)
8225 + AMY (0.3<x<0.8) A ALEPH (0.1 <x<0.6)
© ® JADE (0.1<x<1.0) ¥ L3prl. (0.3<x<0.8)
=

$ PLUTO (0.3<x<0.8)

N
L B

175 I % TPC (0.3<x<0.6)
F---- GRVLO (0.2<x<0.9)

1.5 -+ GRVLO (0.3<x<0.8)
I — GRVLO (0.1<x<0.6)
125 F... 35asiD (0.kx<0.6)
b oo HO (0.1<x < 0.6) ]

[ ---- ASYM (0.1<x<0.6)
0.75 [

05 [

025 [ ===

2
ZEUS 1995 Q'rGeV]
17 D
c " | PYTHIA 5.7 DIRECT + RESOLVED
& 1600 - 5
1400 L D HERWIG 5.9 DIRECT + RESOLVED
H +
1200 \ D HERWIG 5.9 DIRECT
aooW e ZEUS 1995 N

800 |

600

400

Ldl

200

w, P I U BRIt
0 0.1 02 0.3 0.4 om 0.6 0.7 0.8 0.9 ocu

Xy
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NLO QCD Calculations of Jet CrossSectionsin Photoproduction

e Longitudinally invariant kr-cluster algorithm in the n-¢ plane of the laboratory frame

e Several NLO QCD calculationsare available (phase-spacelicing, subtraction method)

— Klasenand Kramer, Harris and Owens,Aurencheet al, Frixione and Ridolfi

— choiceof scales:ur = pp ~ mm»& (Reminder: Q% =~ 0!)

— photon PDFs: NLO QCD parametrisations GRV-HO, AFG-HO

— proton PDFs: NLO QCD parametrisations CTEQ5M, CTEQ5HJ, MRST99

e Parton-to-hadron correctionsestimatedwith HERWIG, PYTHIA, PHOJET

e Effectsfrom the underlying event estimatedwith: multiparton interactionsin PYTHIA,
SUE modelof HERWIG, PHOJET model,
parameterstuned to reproducethe
enengy flow outside of jets.

._.Bsm<mqmm &
Plane

e Dijet selectioncriteria:

— Symmetric cuts on B2 (?) = danger
1 ANV LABORATORY

. ) t,
— Asymmetric cutson E;. = safer  rrave

o

— Symmetric cuts on m%mﬁ:s and cut on My ; = safel®

J Terron (Madrid) S.Petershurg, DIS 2003 April 23rd, 2003
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Dijet Photoproduction: the dynamicsof resolved and dir ectprocesse

e The dynamicsof dijet production hasbeeninvestigated
RESOLVED  py studying the variable:
g g PROCESSES y ying . . .
gluon exchange cos 0* = a@\;\sAWASQm?H — pet2))
— for two-to-two partonscatteringd™ coincideswith

the scatteringanglein thedijet CMS

W@&\ N@&\ e QCD predictsdifferent dijet angular distrib utions

‘ for resolhved and dir ect:
DIRECT .
q q prOCEsses — Resohed (gluon-exchangedominated)
* 1
quark exchange do /d| cos 0*| ~ 050773

mmmw\/ \ rmmmm — Dir ect (quark-exchangeonly)
do /d| cos 0*| ~ L

(1—|cos6*|)1

e The dijet angular distrib ution do /d| cos 68*| for ammm < 0.75 (“r esoled”)
should be steeperthan that of 9% > 0.75 (“dir ect”) as| cos 6*| — 1

J Terron (Madrid) S. Peterslurg, DIS 2003 April 23rd, 2003
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Dijet Photoproduction: the dynamicsof resolved and dir ectprocesse

e Measurementof the dijet differential cross
sectiondo /d| cos 6*| for dijet eventswith

E3P! > 14 GeV, E2°P? > 11 GeV

—1 < et < 2.4 (both jets)

In the kinematic region
Q? <1GeVZand134 < W, < 277 GeV
e Phase-spaceeqgion:

|cos0*| < 0.8 , Mjyy; > 42 GeV

0.1 < Z(n?et! + nieh2?) < 1.3
e Comparisonwith NLO QCD calculations:
— High-z95% (“dir ect”): NLO describes
the shapeand normalisation of the data
— Low-z0P% (‘r esohed”): NLO describes

do/d|cosO*| (pb)

do/d|cos®*| (arb. units)

800 —
400 - XwUmA 0.75 % i chm >0.75 //4%
..... 600 -
300 — i
i 8
200 [ # 400 C e
oy A R B R o) IR R R R
0 0.2 0.4 0.6 0.8 0 0.2 0.4 0.6 0.8
4r |cos6*|
R A ; * ZEUS 96-97
3 o xP>075 == NLO (GRV) O HAD
- o NLO (AFG) O HAD
Jet energy scale uncertainty
o | 1 1 1 7 1 1 1 7 1 1 1 7 1 1 1
0 0.2 0.4 0.6 0.8
|cos6|

the shapeand (reasonably)the normalisation of the data
e The dijet angular distrib ution of the “r esolhed” sampleis steeperthan that of “dir ect”

J Terron (Madrid)

S. Peterslurg, DIS 2003
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High- M ;; Dijet Photoproduction

e Measurementof the dijet differential crosssection
do/dMjyin theranged47 < Mjj; < 160 GeV for
dijet eventswith EZ* > 14 GeV, —1 < pi¢t < 2.5
and | cos 8*| < 0.8
e Small experimental uncertainties:
— jet enelgy scaleknown to 1% = 5% ondo /dM
e Small theoretical uncertainties:
— higher-order terms (varying pr) below 15%
— ~ PDFs(GRV-HO,AFG-HO) below 10%
— resolved processesuppressecdat high M ;5
— small hadronisation corrections,below 5%
e NLO QCD calculationsdescribethe shapeand
normalisation of the measurementswell

do/dM? (pb/GeV)

[EEN
o

=
o

[EEN

(Data-NLO)/NLO

o
&

O
o

— Validity of the pQCD description of the dynamicsof

parton-parton and ~-parton interactions in photoproduction

1
[N
T T

O
T

-1 u,

ZEUS

— NLOQCD
LO QCD

X<ocm >0.75

e ZEUS 95-97 (42.7 pb)

Q% < 1GeV
134<W < 277 GeV
MQ >14 GeV

1< :_a <25
_oomm |<0.8

x 0.1

jet energy scale uncertainty

/////] NLO uncertainty
1

%gvoa

120 140 160

M! (Gev)

J Terron (Madrid) S.Petershurg, DIS 2003

April 23rd, 2003



Testsof perturbati ve QCD with hadronic final statesin hadron-inducedreactions 33

Dijet Photoproduction: photon and proton structure

e Measurementof the dijet crosssectionsdo /dx-, and do /dx,, for dijet eventswith
ET maz > 25 GeV, Ex seconda > 15 GeVand —0.5 < np?¢t < 2.5 (both jets)

in the kinematic region@Q? < 1 GeV? and 95 < W,,, < 285 GeV
1 jet;

: 2 jet;
e x, variable: x, = . B2 tem 300 |- X, <0.1 350 [ X, > 0.1
Y P MU_lH T 50 | ® Hldata ... 300

2 F, =
e NLO calculationsusing CTEQ5M (proton) = s L& nowes,,) | e ;
mow-
d

and GRV-HO (photon) describethe data mm
e Theoretical uncertainties:

100

— terms beyond NLO = 10-20% 0 by p 0 Db
— uncertainties of proton PDFs X, X,
< 5% (up to 15%) for ¢, < 0.1 (> 0.1) 3 s X, <08 s X0
e Evenup to the highestz,,, where 40% £ ] - | SN e

of do /dx,, arisesfrom gluon,-induced gg U F 0
processeshe data is describedby NLO s
e Consistentwith QCD-evolved photon PDFs " f | =+ ®¢ = —%—
determined fr om measuementsat lower scales e xz R xg
p p
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Dijet Photoproduction: photon structure

25<E, . <35 GeV 35<E, <80 GeV
g, S T
e Measurementof the dijet crosssectiondo /dzx-, %ng T SRY Gehown | § MM ’
for tWO Er,mas r€gions(upy Wherey isprobed) S mof | ol
e Comparisonwith NLO QCD usingvarious sets sm el _
of photon PDFs(GRV-HO, AFG-HO): xw xw
— NLO calculationsdescribethe data well o, 2Ernacd Gev | S5m0 Cey
— the variation dueto the choiceof v PDFsis om o3 ¢ mrmwmmm%gg o |
smaller than the NLO uncertainty dueto “soaf v ARG [ PDF
higher orders and the correlated £ W ...... ] ot
experimental uncertainties (jet energy scale) © o T : '
N e N S
e To constrain the photon PDFsfurther o b 2 o O
(rather than testing existing sets) mm Wz_&_ 05<u, 2 mm - e
— reductionof experimentaluncertaintesand ¢~ | fE
— Impr oved calculationsare needed 02 04 05 o3 04 00 08 1

J Terron (Madrid)

S. Peterslurg, DIS 2003
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Dijet Photoproduction: photon structure

~ F K > i .
o) jet1 jetl Z r 14 <Elft1 < 17 GeV r jetl
o001+ SEF <troeV S 17 <EpT<25GeV N SL6C o Jrosesor - 17<EfU<25Gev
@ | ® ZEUS96-97 3 1500 - < [ B NLO (GRV & CTEQ5M1) L
Q> =5 NLO (GRV) O HAD X 14 --- NLO(GRV & MRST99) -
> c
T 1500 [~ -==- NLO (AFG) 0 HAD o r Jet energy scale r
°© Jet energy scale w uncertainty
1000 N N
N 0 NS 9 I :m{?ﬁ?
7] 1K j/ s ¥
500 - e
500 5 S i $
0.8+
g J T I B o J I I I el b o b b db o b b L
- 25<EfF1<35GeV N\ go [ 35 <EFt <90 Gev 161 25 < Elft < 35 GeV C 35 < Elftl < 90 GeV
o i NN H H
300 i ./ L
r 14— —
I 60 |- ‘ _
200 |- i 12004 /
L 40 - \
F N r 1 S S ~
N NN 3 N
100 |- B e - //// /// -
S ke 20 /
N L 0.8 A
o L 7 L L L 7 L L L 7 L L1 7 L L L O E L L L L L L L L L L L L 3 L 7 L L L 7 L L L 7 L L L 7 L L L 3 L 7 L L L 7 L L L 7 L L L 7 L L L
0.2 0.4 0.6 0.8 1 . . . 1 0.2 0.4 0.6 0.8 1 0.2 0.4 0.6 0.8 1
Xocm xOcm

e Measurementof the dijet differ ential crosssectiondo /dx-~, for dijet eventswith
E3 > 14 GeV, EZ¥9? > 11 GeV, —1 < et < 2.4 (both jets)

e Small experimental uncertainties: jet energy scaleknown to 1%

e Comparisonwith NLO QCD calculations(CTEQ5M1 proton, GRV/AFG-HO photon):

the data at low 5% fall lesssteeplywith E2¢* than NLO; sensitity to v-PDFs

= Useful constrain in a global determination of v-PDFs; impr oved calculationswould help

J Terron (Madrid) S. Peterslurg, DIS 2003 April 23rd, 2003
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Dijet Photoproduction: H1 vs ZEUS

PLANE

e Differencesbetween(ZEUS vs NLO) and (H1 vs NLO)

TRANSVERSE

F,\

Leading Jet

— The differencesappearto be dueto the different

cuts on the secondjet’s E5<* (E35,°“%)!

— 11GeVin ZEUS: 15GeVin H1

o E57,°"* dependenceof the NLO QCD calculations:

— the measured dependencelot reproducedby NLO

N

Second Jet

(HERWIG reproducesthe measured dependence) ,
— the comparisondata vs NLO dependson the cut value

— for 2285 > 0.8 the NLO corvergesto the data 50|

25 < Ej*< 35 GeV

PNA 2.4

,,,Hm,,,,mo,,,,wm

.Q.m.ﬁﬁu:.ﬁ . . Mmm\ .“_.A_.__Q
asthecuton E7., " Is decreasedithere the cross of
IS relatively insensitive to the cut value 60

— accountedfor by the large g uncertainty which is a0
comparableto the differencesbetweenvarious v PDFs
e Theoretical work on improving the dijet calculations

20

Q
RN
fwﬁ
N

OIN
=S

=
y D

]

(NNLO? selectioncriteria?) is needed! I

L L 7 L L L L 7
5 7 20 25
_m_._.mﬁm_ cut AOm<V

R B R R B
15 20

L
25
jet2, cut
=k (GeV)
O ZEUS 96-97
—— HERWIG (normalised)

B NLO (GRV) O HAD
NLO (AFG) O HAD
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Inclusive Jet Photoproduction

1
N

1
w

S
&
< 102
£
o,
L
S 10
o)
O
1
10
10
o 10
|
Z 05
Q
= 0
o
5-05
1

ZEUS

\‘L

® ZEUS 98-00

— NLO QCD
— LOQCD

1<n®<25
142< <<<U <243 GeV

j

jet energy scale uncertainty

[///) NLO uncertainty H

j 7 ¥ Yo TTTTTITTT7A
e ¥ s

20

40 50 60 70 80 90
Elt (GeV)

H1 inclusive jet photoproduction

s E
<) N.‘ ..... H1 Qm.ﬁm.
g | m
= NLO G.+ m:m%.v
B | T NLO
w10  TvvUTYTSOOO LO
< GRV,CTEQSM
Gw
©
1e 0 = |
[ incl.kyalgor. 0=1) e —
10 1 @?<1ceV? -1<n™<25
w 95 < W, <285 GeV I
7 , 7 , 7 , 7 ......, ..... H..f. ........

>

§ 04 NLO(1+3,4) ... AFG,MRST99
o [ —— GRV,CTEQSM -:-:- GRV,CTEQS5HJ
=021 ... AFG,CTEQSM v GRV,MRST99

S [ EE——

Al T T T o rmro iz ==
s O
o o = SUETTTERARTTATT

0.2} \\
,

70
Elft [GeV]

e Measurements(NEW) of differ ential cross
sectionsfor inclusive jet photoproduction

— Smaller theoretical uncertainties

= Precisetestof NLO QCD calculations

= Determination of a; and its scaledependence!
e Talksin WG-C by B. AndrieuandM. Sutton
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Jet Production in ~y~y collisions

et Jet
photon
DIRECT SINGLE DOUBLE
RESOLVED RESOLVED
photon photon
e Jet Jet
e e

e Jet production in v+ collisionshasbeenstudiedin e™ e~ interactions

e Threecontributing processesdir ect, single-resolhed and double-resohed
e Measurementsof jet production allow the study of

— dynamicsof v+, v-parton and parton-parton interactions

— photon structur e: sensitvity to quark and gluon densitiesin the photon

J Terron (Madrid) S. Peterslurg, DIS 2003 April 23rd, 2003
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Dijet Production in v~ collisions OPAL
e Measurementof dijet production in £ 800 pry e 9 250 prer e e
o O 700} (a) 3<Ef'<6GeV, {g229| (b) 6<Ef'<9GeV |
v~ collisionsfrom et e~ data at G 600 | + J!_w 2000 7 pytria ]
V3 = 161 and 172 GeV jets 500 s by 1500 B g [T +

definedusing conealgorithm (R = 1) 300 |- 100} T PHOJET
: ; . £ 75 F g
with E2°* > 3 GeV and |piet| < 2 200 s0| \
e Obsewvablesto separatethe contributions: ™~ ol =" 0 N U
jet jet O 02 04 06 08 1 O 02 04 06 08 1
+ Muh.mﬁm rmﬁm + pl¢*) Xy Xy
r—- = Bﬂow_______|_.__________.._\HBhmm________|_.__________m
K Mum: eruOSmAM? T ﬁw 3 - () 9<ET <12GeV [ g 40| (d) 12< EF' <20 GeV
. m 60 o 35) =
— “dir ect-enhanced” 2% > 0.8 50 | 1 30| ;
— “single-resohed-enhanced”:z$ > 0.8 40} 1 + > i
: 30 |- = g 1
and z < 0.8 (or viceversa) b 15 |- + :
g 10 |
— “double-resohed-enhanced”:z% < 0.8 10} sl
| L : —jet o = A N Lo oLlLLnH-f-

e Dependenceof x., distrib ution on Ei, 0 02 04 0608 1 "0 02 04 06 08 1
jet y y

— resohed contribution dominant at low E3;
— increasingdir ectcontribution as E2¢* increases
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Dijet Production in v~ collisions: the dynamics

e Measurementof do/d| cos 0*|inthe 260} @® ——ad-aqq OPAL i
: . Zegb - ag - qg W E
phase-spaceegiondefined by 2 Mw - 00 - 09 oE
Eu..q. > 12 GeV, _\mu.mﬁ_ <1 B S Y~ agd

e , © 30 - e data (X, <0.8) o :
e “Dir ect-enhancedsample”: 20 | o data (¢ > 0.8) E
— dominated by vy — qg (g-exchange) 1o i - -2 k
F 1

do /d|cos 0*| ~ L %001 02 03 024 05 06 07 08
(1—| cos 6*|) coD|
e “Double-resohed-enhancecsample”. = .. F _ _ _ _ ! _ _ E

5 %01 ® OPAL
— dominated by parton-parton processesg sq|  —— NLOGRV (x,<08) E
A@ mxo:m:cmv 3 ob NLO GRV (x> 0.8)
- S a0l E
5 . |

do /d|cos 0| ~ L _ © 30 ¢ e data (X;<0.8) =
/dl | (1—|cos6*|)? 20 [ o data(,>08 ¢ E
e Strongerrise as| cos 6*| — 1in the 1) S S S St - 5
double-resohed m:jmbomnwm._ﬁ_u_m 0 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
than in the “dir ect-enhancedsample” lcosd |

= Shapeseproducedby LO-QCD models(PYTHIA, PHOJET) and NLO QCD
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Dijet Production in v~ collisions: photon structure

W_ I\ I I I I I I ]
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e NLO QCD (without corr. for hadronis. or “underlying event”) using GRV ~-PDFs
reproducesthe shapeand normalisation of the data; NLO by Klasenet al

e Comparisonto LO-QCD models(including hadronis. and “underlying event” effects)
— sensitvity to v-PDFs
J Terron (Madrid) S. Peterslurg, DIS 2003 April 23rd, 2003




Testsof perturbati ve QCD with hadronic final statesin hadron-inducedreactions

42

Dijet Production in v~ collisions
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e Measurements(NEW) of dijet productionin vy fromete™ at v/s = 189-209 GeV
with larger luminosity and usingthe inclusive k1 jet algorithm
e Measurementsof differ ential crosssectionsin differ ent regionsof the &wréw plane:
— either awr orx < 0.75: resohed-photonprocesseslominate; lesssensitve to
-HO ~-PDFs)agreewell with the data

“‘underlying event” effects;NLO QCD (GRV

e Talksin WG-Cby K. KruegerandP. Achard
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fu .H t Q H- I N ——- I ”_.Omm,::; T T T T T Ty
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- L) H195SVTX +H196 ISR
Jer 104L | zEUS 96-97 & H1 94-97
=
antiproton i CCFR %
P 10% m BCDMS M%& E
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I y onm\mwm\mmmum»wn“wnowowouowom%bmow&ow&omowomow&o»ow&ovmo»% n
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e PQCD calculationsof jet crosssections A
10°  10°  10* 10® 107 10" 1
1 1 X
. 2 2 A
&Q.umn — M \ &Hm %Q\WAHWutmﬁv \ &H% .\..@\ﬁAHNStH.ﬁV &Q.Q@i.:
0 0

a,b

longitudinal momentum fraction of parton a/antiproton (z;), parton b/proton (x,)
— fo/p(Tp, tw@v — parton densitiesin the proton

— Oab—sjj SUDProcesscrosssection;short-distancestructur e of the interaction

e Dynamicsof parton-parton interactions at the smallestdistances!

e Proton structur e: sensitiity to quark and gluon densitiesat largex and large Q?
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NLO QCD Calculations of Jet CrossSection

e Iterati ve conealgorithm in the n-¢ plane (laboratory)
— new measurementsusing inclusive k1 jet algorithm
e Several NLO QCD calculations(O(a?)) available
— Ellis etal, Aversaet al, Gieleet al
— choiceof scales:up = pp ~ E3
— proton PDFs: current NLO QCD parametrisations
e Conealgorithm: intr oduction of R, parameter to
approximate experimental effectson clustering b quarqentyquan seatering
e Effects from the underlying event estimatedfrom o b Gluon{antuark Scaering
minimum bias data — Talk in WG-C by S.Lami
e At low mm.ﬁ& jet production is dominated by (incoming)
gg and gq scattering
e At high mw& jet production is dominated by (incoming) ..:
qq scattering; gg about 30% at EZ¢* = 350 GeV

o, - ,mo, , ,Hoo, , 150 , ,moo, - ,Nmo, - ,woo, - ,wmo, - Moo, . N-mo. .moo
Transverse Energy of the Jet

Fraction

0.9 W n,=n,=0
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Measurementof Inclusive Jet Production in pp collisions

. . >
e Measurementof the differential cross § ¢
Q0

sectiondo /dE2e* for inclusive jet CDF data
. . . d
production using the conealgorithm  g@z© - ® 1994-95
i O  1992-93

(R = 0.7) in theregion

0.1 < |pIet| < 0.7

e Comparisonto NLO QCD calculations: *

— pr = pr = E2° /2, Rgep = 1.3 .

— proton PDFsCTEQ4M

e Theoretical uncertainties: 0

— higher-order terms (varying pgr): 20% -

— variation of Rsep: 5%

e NLO QCD calculationsbasedon proton
PDFsCTEQ4M describethe shapeand <[ . S S S S IS

normalisation of the data well for mw& < 250 GeV Transverse Energy (GeV)
= Excessat high EJ*! New physics?Parametrisations of the proton PDFs?

NLO QCD prediction (EKS)

ctegdm p=E/2 _umm_onp.w

Statistical Errors Only
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Revisiting the gluon density at high «

|
| Ratio: Prel. data / NLO QCD (CTEQ5M | CTEQ5HJ) CDE
1.4 | |
[ CTEQ5M : . 1.00
[ CTEQSHY: norm. facor : 104 * 1
1.2 | - -
i _ %\ J--—"" Rt CTEQ5M-Q2
! B e -7 Q=80Gev i - - — - CTEQ5HJ-Q2
2 ] N
1y : : 08 [ o s CTEQ5M-Q5
i mlm mm\ L N CTEQ5HJ-Q5
i i RN s CTEQ5M-Q8
0.8 [Incl. Jet : _wN * do/dpy o mwmm%&m\o%,\_momz - N\ —..—~ CTEQS5HJ-Q8
(10 nb GeV?) e CDF Data (Prel.)
= - — — - CTEQ5HJ

x5 (1-x)2 * g(x,Q)

0.6 | CTEQ5M
04
i (Error bars: statistical only) ~_}
0.2 I 14% < Corr. Sys. Err. < 27% .
i S o
O \, [ T ! T ! T ! T T T ! T ! O “ “ “ “ “ “ “ “/I“IHII“ML]
50 100 150 200 250 300 350 400 104 103 102 10 2 3 4 5 6 7 X

pr (GeV)
e It is possibleto describethe data by increasingthe gluon density at high « while

maintaining a gooddescription of other data setsusedin global analysesof proton PDFs
e The CTEQS5HJ parametrisations were obtained putting extra weight to the CDF data;
calculationsbasedon the central fit, CTEQ5M, lie below the data at high E3¢*
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Measurementof Inclusive Jet Production in pp collisions

D@ data
0.0<|n| <0.5
0.5<|n| <1.0
1.0< | <1.5
1.5<|n| <2.0
2.0<1n| <3.0

— QCD-JETRAD

D N RGN

9

e Measurementof the differ ential cross \N.w 10’
sectiond?o /dE3¢ dniet for inclusive Q e
jet production using the conealgorithm < ¢
(R = 0.7) in theregion|n?¢t| < 3 b ,mBm
e Extendedrangein the (z, Q2) plane! ~3
e Experimental uncertainties: 10*
— jet enemgy scale:12 — 20% at low E, m
35 — 80% at high Er 107

— Jet-energy-resolution parametrisation 2
and unfolding procedure: 3 — 5% at -
low E, 10 — 20% at high Ex 10

e Comparisonto NLO QCD calculations: w
= preferencefor proton PDFswith 1 3
50

larger gluon contentat high x
e Talkin WG-C by N. Skatchlov

100

150 200 250 300 350 400 450 500
Er A®®<V
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Inclusive Jet Production in pp collisions: the gluon density at high x

10
—~~ ) Hm
W DO Jet Cross Section 0.5
G 01 ¢ O
S, -0.5
o

mmw 1.5
1
hw m“ 0.001 { Ayw
=N -0.5

1

0.00001F
0
-0

100 200 300 400 500
rT AO m<v

e DY and CDF data usedin the global
determination of proton PDFs(CTEQG6M)
without “extra” weight

= gooddescription of the data
e Run Il measurementswill help to confirm

(data—theory)/theory versus pr [GeV]
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or rule out the “high- = gluon solution” — Talk in WG-C by V. O'Dell
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L ast _umBm:Am_

e In many areasfurther progress
IS limited by theoretical
uncertainties!

e Measurementsof jet production in pp included in global
determination of the proton PDFs

— Precisemeasurementsof jet production in ep, vp and v~
demanda similar effort!

e Apologiesfor many omissionsdue to lack of time (and expertise!)
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