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Anatomy of a QCD prediction at hadron colliders
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+ underlying event, interactions among remnants
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Introduction

Perturbatre QCD is (and continuesto be) well tested,and QCD studies
have enteredthe precisionera,i.e. experimentsare sensitve to genuine
QuantumField Theoryeffects

Eachorderin the perturbatve seriesn helpsto increase
thereliability of QCD predictions:

LO: order of magnitudeestimate,large theoreticaluncertaintiesdue to
renormalizationéctorizationscaledependence.

NLO: reliablecrosssectionpredictiongreducedscaledependence),
considerablyeduces/enhancéise LO crosssectionsmay distortthe
shapeof distributions,i.e. reweightingwith K-factors, :
IS nota goodapproximation.

NNLO: reliablecrosssectionpredictions(reducedscaledependenceandre-
liable error estimate.Alreadyat the TevatronsomeSM processes.g.,

jet , mayrequireprecisetheoreticapredictionsevenbeyondNLO.
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At the LHC experimentalerrorsfor mary QCD processewill betypically
smallerthanintrinsic uncertaintie®f NLO predictiong ), e.q.,

Intrinsic uncertaintie®f NNLO predictionsaretypically only of theorder
of afew percent.

High precisionin simulatingQCD obserablesathadoncollidersis needed

for the preciseextractionof parametersf the underlyingmodelfrom
data( , Ca )

to preciselymodelthesignalandbackgroundrocessefor Higgsand
new physicssearchesto distinguishthe newv fromthe known”,

to improve studiesof effectsof selection/analysisf datato reducethe
systematierror(furthermore:  asluminositymonitor, reducePDF
uncertainties, ),

and, nally , to keepprobingandexploring thequantumeld theoreti-
cal structureof QCD, whichis fascinatingn its own right.
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Inclusve  Higgsproduction

from R.HarlanderW.Kilgore, PRD68(2003)

productionis animportantproductionmodefor neutralMSSM Higgsbosons
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NLO: still large scaledependencedyut within LO band

NNLO: reliablepredictionwith considerablyeducedscaledependence

100120 140 160 180 200 220 240 260

280300
M, [GeV]

D.Wackeroth

2005CTEQ SummerSchool

05/19-05/27



Higgs productionvia gluonfusionatthe LHC

Higgs productionvia gluon fusion is the dominantproductionmechanisnat the
LHC. TheNLO totalinclusie crosssectionis still plaguedoy alargescaledepen-

denceg( ; . .
R.HarlandemndW.Kilgore, PRL88(2002) C.AnastasioandK.Melnikov, NPB 646 (2002)

1?2 PR HX) IPhl

s =14 TeV (pp H X) [pb] T 14TeV
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Scaleuncertaintyreducedat NNLO
Effectof NNLO correctionssmallerthanat NLO
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d?0/dM/dY [pb/GeV]

and bosonproductionatthe Tevatron

from C.Anastasioul..Dixon, K.Melnikov, F.Petriello,PRD69(2004)

WI/Z productionprocesseare“standardcandles”at hadroncolliders:

detectorcalibration,luminosity monitor, , andquarkPDFs
Firstdistributionsat NNLO:
pp - WX pp ~ (Z,7")+X
e NNLO Alekhinoz' | |
NNLO 80 ]
100:— —:
NLO X
i i — 60 —
75_— —_ '-8' i
D .
i LO 15 . B
50 — ] b L
L R o)
i Vs = 1.96 TeV ] Vs = 1.8 TeV AR -
25 — M = My — 20~ 66 < M < 116 GeV % ]
B M/2 < p s 2M i - M/Rspus2M \
] [ © CDF data (3.9% lumi. error omitted)
1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 J 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 1
-3 -2 -1 0 1 2 3 %‘O 0.5 1.0 1.5 2.0 2.5

NLO predictionnotYwithin LO uncertaintyband !

Again,only NNLO shawvs thatperturbatve predictionis reliable
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o [pb]/Br

Higgs productionvia gluonfusionwith atthe LHC

from C.Anastasiouk.Melnikov, F.Petriello,hep-ph/0501130

pp->7y+X pp-H+X
- | T T | L | | T T | L : T T T T | T T T T | T T T T | T T T T
50 — — | 5
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L MRSTR001 pdfs i o
40— ptl > 40 GeV — 4 m, = 120 GeV
pt2 > 25 Gev ] X MRST2001 pdfs
R = 0.4, Et < 15 GeV i m,/2 £ 4 S 2my,
3 I
: N0 B
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2 s
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11 |
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Still large scaleuncertaintyat NLO, whichis considerablyeducecat NNLO
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Effectsof NLO QCD correctionsontheHiggs  distributionin exclusive production:
| | | | | | | | |
: F% :
| T ﬁ - I | | | |
| ] —
| ] _ — -
| L
- e ] I }
] ] ] ] ] ] ] ] —

from S.Dawvson,C.Jacksonl..Reina,D.W., PRD 69 (2004)
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State-of-the-arof QCD predictionsfor Higgs productionprocesseat

productionprocess

hadroncolliders:
by

MC@NLO
HIGLU
MCFM

S.Davson,NPB 359(1991);A.Djouadi,M.Spira,PZerwas,PLB 264 (1991)
C.J.GlosserC.R.SchmidtJHEP(2002);V.Ravindranet al,NPB 634 (2002)
D.deFlorianetal., PRL82(1999)(distrib.), S.Catanetal., JHEP0105(2001)
V.Ravindranetal, NPB 665 (2003)(NNLO)

R.HarlanderW.Kilgore, PRL 88 (2002)(NNLO)

C.AnastasiouK.Melnikov, NPB 646 (2002);hep-ph/050113Qdistrib.) (NNLO)

T.Han,S.Willenbrock,PLB 273(1991)

T.Han,G.Valencia,S.Wllenbrock,PRL 69 (1992)
T.Figy, C.Oleari,D.ZeppenfeldPRD 68 (2003)(distrib.)

W.Beenakkretal., PRL87(2001),NPB 653 (2003)
S.Dawsonetal., PRL87(2001),PRD65 (2002),PRD 68 (2003)

S.Dittmaier M.Kramer, M.Spira,hep-ph/03092042003)
S.Dawvsonetal., PRD69 (2004)

MCFM

for areview seeJ.Campbelktal., LesHouches2003procs. hep-ph/0405302

MCFM

for areview seelJ.Campbelktal., LesHouche2003procs. hep-ph/0405302
R.HarlanderW.Kilgore, PRD 68 (2003)(NNLO)
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for Higgsproductionprocesseat hadroncolliders:

u I | I | . - T —
i I I I I i T T I_ T T T T T
from S.Dawsonetal., hep-ph/0210109 .
variedbetween and
from S.Dawsonetal., in prep.(prelim.) e ]
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State-of-the-ardf QCD predictionsfor electraveakgaugeboson
productionprocesseat hadroncolliders:

productionprocess by
W.L.vanNeenenetal, NBP 382(1992)
MCFM R.Hambeg, W.L.vanNeenenandT.MatsuuraNPB 359(1991)(NNLO)
MC@NLO C.Anastasioul..Dixon, K.Melnikov, F.Petriello(NNLO, distrib.)
ResBos C.BalazsC.-P Yuan,PRD56 (1997)(resummedLO)

J.Ohnemustal., PRD44 (1991);PRD 43 (1991):PRD50 (1994)
AYLEN/EMILIA | B.Meleetal., NPB357(1991):S.Frixioneetal., NPB 410(1993):NPB 383 (1992)

MC@NLO L.Dixon etal., NPB531(1998);PRD 60 (1999)

MCFM J.CampbellR.K.Ellis, F TramontanoPRD 60 (1999)
W.Giele,N.Glover, D.Kosaver, NPB 403(1993)

MCFM J.Campbelktal, PRD65 (2002);PRD 68 (2003)
W.Gieleetal., PLB 372(1996);E.Begeretal., PRD54 (1996)

MCFM M.Aivaziaetal, PRD50(1994);J.Collins,PRD 58 (1998)
T.Stelzeretal.,, PRD56 (1997);J.Campbelletal., PRD69 (2004)
J.CampbellR.K.Ellis, PRD62 (2000)( )

MCFM F.Maltoni etal., hep-ph/0505014 )
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State-of-the-arof QCD predictionsfor heary quarkandjet production

productionprocess

processeat hadroncolliders:

by

MC@NLO

P.NasonS.Davson,R.K.Ellis, NPB 303(1988);NPB 327 (1989)
W.Beenakkretal., PRD40(1989);NPB 351(1991)

M.Manganoetal., NPB 373(1992)

N.Kidonakisetal., hep-ph/041036hep-ph/0401056A.Ban etal., PRD71(2005)
andreferencesherein(softgluonsat NNLO)

W.Bernreutheetal., NPB 690(2004)(spincorrelations)

singletop
MCFM

M.Smith,S.Wllenbrock,PRD54 (1996);G.BordesB.vanEijk, NPB 435(1995)
T.Stelzeretal., PRD56 (1997);B.W.Harrisetal., PRD 66 (2002)
Z.Sullivan,PRD70(2004);J.CampbellR.K.Ellis, PRD 70 (2004)
Q.-H.Caoetal, PRD71(2005);hep-ph/0504230

NLOJET++
JETRAD

W.Giele,N.Glover, D.Kosaver, NPB403(1993)
Z.KunsztandD.SoperPRD46(1992)
W.Kilgore andW.Giele,PRD55(1997)
Z.Nagy PRL88(2002),PRD68(2003)(3 jet)
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Most of theseNLO/NNLO calculationsare “only” available as Monte
Carlointegrationprograms:

They produceweightedevents i.e., eventsare representedy the four-
momentaof the nal-state particlesandtheir correspondingveights. A

weight, , assignhedo the MC point of the th event,is com-
posedf thetotaldensityof theevent, , andthematrixelemensquared
as

—— with

where Is asetof pseudo-randomumbersand arethe4-momentaof
the nal-state particles. The MC estimate of the total crosssectionis
obtainedas(  numberof events)

The four momentaand the correspondingwveights are usedto |l his-
togramsfor differentialcrosssections.
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Full matrix elementcalculationof NLO crosssections:
exact nal statekinematicsncludinghardscattering
preciseandreliablepredictionsfor “partonlevel” obserables:to-
tal rates,inclusie distributions,

but

large logarithmsarisingat phasespaceboundariegsoft, collinear
threshold)only at NLO accurag (no resummation),

complex phasespacestructuresi.e. multiple peaksdueto “singu-
lar” propagatorsin multi-channelapproad:. choosanap-
pings, , suchthattheresultingJacobian, , cancelghe
peakingbehasiour of :

not agooddescriptionof moreexclusive obserables,
only oneadditionalhardparton,
only weightedevents which even maybe negative,

no realistic events: no hadronizationno underlyingevent struc-
ture.
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ATLAS TDR (CERN-LHCC-99-151999)):

... In mostcaseghey [higher order QCD corrections]havealsonotbeen
embodiedn the MonteCarlo geneiator, sothat proper studiesof their impacton
theobservedatescannotbe undertalen. Theeforethe presenstudies... avoided
theuseof K-Factorsresortingto Born-level predictionsto bothsignaland
background.

EventGeneratorgHerwig, Pythia,lsajet,Sherpa)

Realisticsimulationof physicsprocessegevents):

connectshortdistancgpQCD)with long distancephysics:
startswith partonsfrom hard processproducedat large enegy
scales( ) and branchego a multi-parton nal stateat
smallenegy scaleq ),

naturallyallows for formationof hadronghadronizationjet nd-
ing algorithm),allows for hadrondecays,

iIncludesa descriptionof the underlyingstructureof the event,

but ...
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but

the descriptionof the hard processis basedonly on LO matrix ele-
mentsandthe partonshowver only includesa leading-logresummation
of soft/collinearradiationof real and virtual partons(Sudalkov form
factor),

total ratesarenotreliable,

the collinearapproximationof the partonshaover doesnot allow for a
correctdescriptionof high  physics,

notagoodtool for precisionphysics.
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Inclusive jet crosssectionsat the Tevatronfrom M.Martinez, hep-e/0505047

High jetdataareusedto constrainthegluonPDFathigh
Comparisorwith NLO predictionsfor two differentvaluesof the pa-
rameterof the  jet nding algorithms.Eliis,D.Soper PRD 48 (1993)

CDF Run Il Preliminary CDF Run Il Preliminary

- C - - i -1.0-

o 3F K;D=0.5-0.1<|Y|<0.7 _ - K, D=1.0-0.1<|Y|<0.7 _

o - Systematic Errors L =145 pb” & 3 [ Systematic Errors L=145pb”

L,'_" o5 . —— NLO Uncertainties ",'_J 25 —— NLO Uncertainties

© “F  NLO:JETRAD m, = m. = PYAX/2 © T F  NLO:JETRAD m, = m. = PMA%/2

O - No Had. / Und. Event Correction @) N No Had. / Und. Event Correction

-  2F 4 2F

Z C Z [

g 15F S 15F

3 f 8 F a —

1;__um_. 1:_____-"—-!_"_"5-!-':':'—-—1—!—4_.:_,'_*__'_ o
0.5- -------- (IR AR AN AN RN R RN AN AR E NN 0.5: ........ (IR FEEEE AN TR F AR PR E EAEE ER R PN
0 50 100 150 200250 300 350 400 450 500 0 50 100 150200250 300350400 450 500
P, [GeV/c] P, [GeV/c]
Goodagreemenat high . At small  NLO increasinglynot a good

descriptionof data(soft gluon,fragmentatioreffectsnotincluded).
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Dijet productionat the Tevatronfrom m.Martinez,hep-e/0505047

Azimuthaldecorrelationbetweenwo leadingjetsteststhe descriptionof
softgluonradiation.Comparsiorof datawith NLO andPSeventgenerator

(1/s) ds/dDf .,

predictions:
'_ Dé Run Il preliminary b‘% - Dé Run Il preliminary
10? e DéRunlldata e = 10F o D¢ Runilgaa '
- o T F - PYTHIA6.218 - default 4
1L NLOJENT:; *,,-" @ [ -r-- PYTHIAG218- Tune A
........ Lo ‘i‘ﬁﬁ" . N § -------- HERWIG6.500 - defaultl ) .;‘0!‘5'
al 0 - CTEQ5L et
10F CTEQ6.1M R 10l Q gl
C O = gt L
_ —e! . i-.-'-"ﬁﬁ-
10-2__ . _:“”: - !.-..-..-..-..'!_kf"-
e 1020 e
S SR
10 : E_ |yjet1 2| <0.5, P jer2 > 40 GeV 10_3 :_4§7| |yjet1,2| <05, Prjet2 > 40 GeV
130 GeV < p,,, <180 GeV SLIETCICIEY ‘130 GeV < P jen < 180 GeV
|III|III|III|III|III|III|III|II _|III|III|III|III|III|III|III|II
16 1.8 2 22 24 26 28 3 16 1.8 2 22 24 26 28 3
duet [rad] dljet [rad]
PSeventgeneratorsvork well at (soft gluons),NLO calcula-
tionseverywhereelse.
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To meettheprecisionchallenge®f the LHC we needto
combinethe“bestof bothworlds”, i.e. interfaceevent
generatorsvith Monte CarloNLO(NNLO) programs.
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A NLO calculationin a nutshell

NLO QCD crosssectionto partons:

with the partonlevel crosssections

— with
UV divergencesrenormalizedn dimensiondy suitable
setof countertermgmodi ed scheme on-shellsubtractionfor
heary quarks)
IR divergences:regularizedin dimensions soft and
collinear singularitiesappearas polesin — -. IR singularitiesare

completelycanceledy correspondindR polesin
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. IR singularitiesareextracted

by imposingsuitablecuts on the phasespaceof the radiatedparton:
phasespaceslicing (PSS)method

for areview seege.g.,B.Harris,J.OwensPRD65 (2002)(two cut-offs) Giele,Glover, andKosawer;

KellerandLaenen(onecut-off)

or by usinga subtractiormethod
S.Catanketal., NPB627(2002)andreferencesherein
S.Frixioneetal., NPB467(1996),NPB507(1997)

Remaininginitial-state IR singularitiesare absorbedn the PDFs(mass
factorization).PDFshave to be of the sameorderof accurag asthe hard
process.
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Phasespaceslicing method

PhasesSpaceSlicing: isolatelR singularregion of the phasespacej.e. where

by introducingsuitablecut-off parameters.

two cut-of PSSmethod

- (unresoledregion)
onecut-off PSSmethod
(unresoledregion)

andintegrate over theone-partorphasespace

analyticallybelow the cut-off(s)
Togethemwith this constitutegheweightwith kinematics.

andnumericallyabove thecut-off(s)  weightwith kinematics.

Thedependencenthetechnicalcut-offs canceldn physicalcrosssections.
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Subtractiormethod

Introducean“arbitrary” crosssectionthatful lls thefollowing condi-
tions:

hasthe samesingularbehaiour as In eachphase
spacepoint

hasto be analyticalintegrableover the singularone-parton
phasespacdan dimensions subtractiorcounterterm
containslR singularitiesaspolesin

Add the analyticallyintegrated to the virtual partandsubtract
from therealpart:

Advantage:no technicalcut-off dependencéhatneeddo becancelede-
tween and realparts.
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NLO calculationsandrealisticsimulations:improved
toolsfor precisionexperiments

Challenges:

How to avoid doublecountingof correctionsthat appeann boththe
partonshaver eventgeneratoandtheexactNLO matrix element?

How to calculatevirtual correctionsef ciently and numericallysta-
ble?

How to dealwith the occurrenceof negative weights?
Firststeps:

PythiaandHerwig bothincludedmatrix elementcorrectiondor hard
radiationto populaté‘deadzones’in phasespace.

total rateis only LO, only oneadditionalhardparton,only donefor
Speci c processes
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do/dq; (pb/GeV)

The effect of matrix-elementorrectionsasimplementedn Herwig

from G. CorcellaandS. Moretti, hep-ph/0402146
Higgs trans\ersemomentumdistribution at LHC with Herwig with and without
matrix-elementorrectionsandcomparedvith MC@NLO:

1.000

T T T T T T T T T T T T T T T T
0.500 — -, —
0500 . —

0.200 F

. MC@NLO

0.100 Herwig new -

0.100 —

0.050

do/dq; (pb/GeV)

0.050 — —
Herwig nev
0.020 [— : i
Herwigold *:

0.010 — ' 0-010 =

. 0.005 —
0.005 B 1 1 1 1 | 1 1 1 1 | | 1 1 1 1 . 1 1 1 1 | 1 1 1 | | 1 1 1 1

0 50 100 150 200 50 100 150 200

qr (GeV) ar (GeV)
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CKKW: prescriptionof how to interface multi-jet matrix elements
with PSeventgenerators

S.Catanetal., JHEP0111:063(2001)
seealsoS.MrennaP.RichardsonJHEP0405:040,2004Z.Nagy, D.Soperhep-ph/0503053

Basedonthe jet nding algorithm(successie memging of pairs
of nearbyparticlesin orderof increasingrans\ersemomentum).

Matrix elementsare only appliedin regions wherethe jet reso-
lution variable , andthe partonshower is usedwhen

(two jetsareresohedif )

LO matrixelementareautomaticallygeneratetdhy MADGRAPH,
ALPGEN, for instanceanddressedvith Sudalkov form factors.

Also successfullyappliedto 3-jetproductioncrosssectionsatNLO
asimplementedn NLOJET++.

dependencen canceldo NLL accurag, total ratenotreliable
mary hardpartons

D.Wackeroth
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Full NLO+PSeventgenerators:
Methodsuggestedut no codeavailableyet:

grcNLO GRACE collaboration:

AutomatedNLO matrix elementgeneratiorusingLL subtraction
methodand combinedwith resummationof soft/collinearloga-
rithmswithout doublecounting.

Phasespacevetom.pobbs,PRD65 (2002)
Appliedto productionatNLO. Basednphasespaceslicing
method.Interfacedto the Pythiashawer.

M C@ NLO S.FrixioneandB.Webber JHEP0206(2002);hep-ph/0402116

Basedon the full NLO matrix elementfor the hard processto
the productionof electraveakgauge(singleandpairs)andHiggs
bosonsandheavy quarks.

The cancellationof IR singularitiesandthe avoidanceof double
countingis doneby amodi ed subtractiorformalism:
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the NLO termsthatarealreadyincludedin the partonshaver are
subtractedby hand”fromthe hardcrosssection:

Eventsareproducedrom the NLO weightedeventsusinga “hit-and-
miss” procedureandthenfed into HERWIG for showvering.

Negative weightsarise but they did not affect the crosssections
studiedsofar.

Work in progress: , singletop, spincorrelations
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o/bin (pb)

Top pair productionat the Tevatronandthe LHC

from S.Frixione,P.NasonB.Webber JHEP082003)

Tevatron LHC
(tt)
() GeV
ot Pr (GeV) 102 103 (0% o 19|1 I?T | (. | ) o ...1‘.)|3
_________________ iy T E e
10_1 F _E 1 =
Solid: MC@NLO ™ o0 F Solid: MC@NLO " E
Dashed: Herwig Dashed: Herwig '
107% Dotted: NLO T 3 100 Dotted: NLO _
K :
; 3 Qo
_ b
= 10~° | Ly
107° L R N B 3 : AR ARSI P
100 200 300 400 500 1000 1500 .o
Bt (Gev) o (GeV)
10-5 | Lo L. 10-3 L |
0.5 1 1.5 5 2 2.5 3 @ 2 3
3
loglo(P(T /GeV) logo(p7’/GeV)
D.Wacleroth 2005CTEQ SummerSchool 05/19-05/27



Electraveakcorrections

Precisiommeasurement@sorequiretheinclusionof electraveakcor-
rections,e.g.,.a massmeasuremens ervisionedwith anaccurag
of at the Tevatron (LHC), whenextractedfrom
thetransersemassdistribution of the nal-state leptonpair,

Final-state photonradiationinducesa shift in of -65 20
(-168 20) MeV in theelectron(muon)case.

The full electraveak NLO correctionsto and

have beenimplementedin the Monte Carlo
programsWGRAD andZGRAD. They have beenusedto studythe
Impacton by takinginto accounthe detectoresponse.

At high enepgieselectraveakcorrectionscanbe numericallyaslarge
asQCD correctiondEW Sudalkov logs) importantfor searche$or
signalsof new physicsin tails of distributions.

effectsof QCD andelectraveakcorrectionsshouldbe studiedtogether
usingoneMonte Carlo
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Theimpactof electraveak correctionon attheLHC - aboretheZ peak

105 I T T ‘ T T T T ‘ T T T T ‘ T T T T ] [ T T ‘ T T T T ‘ T T T T ‘ T T T T
- a) pp>e’e () | g D) pp-pu(r)
o~ - Vs = 14 TeV L Vs = 14 TeV |
. 1.00+ o
+r_‘ - -
£ I |
<
. B s
= 0.95 "« —
= L N -
) N
3 = \\ -
~ I p |
090 o —
& i . ]
£ I N |
o N
L - S ]
5 085 _ . S — _ . N
I, L solid: 0(«®) QED/EBA ~ - solid: 0(«®) QED/EBA 1
3 1 0.6 — —
L dash: full 0(a®) EWK/EBA - L dash: full 0(a®) EWNK/EBA
080 i 1 ‘ 1 1 1 1 ‘ 1 1 1 1 ‘ 1 1 1 1 | C 1 1 ‘ 1 1 1 1 ‘ 1 1 1 1 ‘ 1 1 1 1
500 1000 1500 2000 500 1000 1500 2000
m(e’e”) (GeV) m(u'u”) (Gev)
Note: At the LHC at TeV, QCD NLO correctionsenhance—— by

about15-20%.
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Theimpactof electraveak correctionon atthe Tevatron

from U.Bauretal, PRD59(1999)

T 1T | T 17T | | L L | T 17T T 1T T 17T | T 1T | T 17T | T 17T T 17T
. a) pp-eu(y) b) pp-uv(y)
1.05 — Vs = 1.8 TeV — 105 Vs = 1.8 TeV —]

initial state initial state

1.00 — = — 1.00 -

- — — —

0.95 — | 0.95

final state |

[do®@) /aM,]/[do®™ /dM,]

0.90 — — 0.90 — —
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TheNLO/LO ratioof the

distributionatthe Tevatronwith WGRAWhentaking

iInto accountrealisticleptonidenti cation requirementstrom U.Bauretal, PRD59(1999)
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Theeffectsof nal-stateradiationarelargely reducedn theelectroncase.
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ResBos-A:a rst steptowardsa combinedQCD and QED NLO Monte
Carloprogram:
from H.-Q.CaoandC.-PYuan,PRL 93 (2004)
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SummaryandConclusion

The LHC's potentialfor precisionmeasurement@ndsearche$or sig-
nals of new physicsheavily relieson our ability to provide reliable,
preciseandwell-understood)CD predictions.

Excluswve crosssectionsat NLO areavailablefor all relevant
processesnd mary processes.The frontier now is
processefhexagondiagrams).

Recently rst NNLO resultsbecameavailablefor somedistributions
for speci c processes$ and with

)-

The next importantsteptowardspreciseandrealistic predictionsfor
QCD crosssectionsis to memge theseNLO calculationswith parton
shaver eventgeneratorssuchasPythiaandHerwig.
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Therehasbeenalot of recentprogresse.g., MC@NLO is apublicly
available NLO MC+partonshaver generatorthat provides realistic
NLO predictiondor exclusive crosssectiongo
productionprocesses.

For somestudies, it might even be necessaryo merge NNLO calcu-
lationswith a partonshaver generatar

Combinedstudiesof the effectsof electraveakand QCD corrections
are importantfor precisionmeasurementg from Drell-Yan
production)andat high enegies(tails of distributions).
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Someresources:
LesHoutesQCD/SMworkinggroupreport hep-ph/0403100
LesHoutiesGuidebooko MC genemtorsfor hadioncollider physicshep-ph/0403045

Codes:
HEPCODEprogrammeéisting atwww.ippp.durac.uk/ : wjs/HEPCODE/

MC@NLO: www.hep.ply./theory/webber/MCatNLO

MCFM: http://mcfm.fnal.ge/

HIGLU: http://people.welpsi.ch/spira/proglist.html
NLOJET++: www.cpt.durac.uk/nagyz/nlo++/

JETRAD: http://vircol.fnal.ge/MCdownload/jetrad.html
AYLEN/EMILIA: www.itp.phys.ethz.ch/stéfd orian/codes.html
WGRAD,ZGRAD: http://ubpheno.pysics.luffalo.edu dow/
ResBoswww.pa.msu.edu/people/balazs/ResBos/
Pythia:www.thep.lu.setorbjorn/Pythia.html

Herwig: http://hepwwwl.ac.uk/theory/sgmour/herwig/

fastNLQ anew tool for anef cient, fastdeterminatiorof NLO observbales.g.,
whenstudyingtheoreticauncertaintieslueto PDFuncertaintiesT Kluge,K.Rabbertz,

M.Wobisch,work in progress
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