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Outline
� Introduction

� State-of-the-artNLO QCD predictionsfor StandardModel (SM) pro-
cessesat hadroncolliders

� A NLO QCD calculationin a nutshell
(seeM.Tejeda-Yeoman's lecturefor details)

� NLO calculationsandrealisticsimulations:improvedtools
for precisionexperiments

� Electroweakcorrections

� SummaryandConclusion
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Introduction

Perturbative QCD is (andcontinuesto be) well tested,andQCD studies
have enteredthe precisionera, i.e. experimentsaresensitive to genuine
QuantumFieldTheoryeffects.

Eachorderin theperturbative seriesin

�

�

�
�

�

�

helpsto increase
thereliability of QCDpredictions:

LO: order of magnitudeestimate,large theoreticaluncertaintiesdue to
renormalization/factorizationscaledependence.

NLO: reliablecrosssectionpredictions(reducedscaledependence),
considerablyreduces/enhancestheLO crosssections,maydistortthe
shapeof distributions,i.e. reweightingwith K-factors,�

�

�

	


�

�

�




�

,
is notagoodapproximation.

NNLO: reliablecrosssectionpredictions(reducedscaledependence)andre-
liable errorestimate.Alreadyat theTevatronsomeSM processes,e.g.,


�� 
��

�

�
� ,

jet

�

� , mayrequireprecisetheoreticalpredictionsevenbeyondNLO.
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At theLHC experimentalerrorsfor many QCDprocesseswill betypically
smallerthanintrinsicuncertaintiesof NLO predictions(�

�

�

�

�

�

), e.g.,

�

�

�

�

���

	

�




�

�

�

�




�

�

� �

��� �

�

�

�

�

�

�

�

�

	

�

�

�

Intrinsicuncertaintiesof NNL0 predictionsaretypically only of theorder
of a few percent.

High precisionin simulatingQCDobservablesathadoncollidersis needed

� for thepreciseextractionof parametersof theunderlyingmodelfrom
data(�

�

,

�

��




, �

�

,
�

�

�

�

, � � � ),

� to preciselymodelthesignalandbackgroundprocessesfor Higgsand
new physicssearches“to distinguishthenew fromtheknown”,

� to improvestudiesof effectsof selection/analysisof datato reducethe
systematicerror(furthermore:

�

�

asluminositymonitor, reducePDF
uncertainties,� � � ),

� and,�nally , to keepprobingandexploring thequantum�eld theoreti-
cal structureof QCD,which is fascinatingin its own right.
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Inclusive

�
�

�

Higgsproduction

from R.Harlander, W.Kilgore,PRD68(2003)
�

�

��

productionis animportantproductionmodefor neutralMSSM Higgsbosons

at large
��

�

�

.
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NLO: still largescaledependence,but within LO band
NNLO: reliablepredictionwith considerablyreducedscaledependence
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Higgsproductionvia gluonfusionat theLHC

Higgs productionvia gluon fusion is the dominantproductionmechanismat the

LHC. TheNLO total inclusive crosssectionis still plaguedby a largescaledepen-

dence(

�
�

��

�

�

��

�

):
R.HarlanderandW.Kilgore,PRL88(2002)
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C.AnastasiouandK.Melnikov, NPB 646(2002)
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ScaleuncertaintyreducedatNNLO
Effectof NNLO correctionssmallerthanatNLO
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�

and � bosonproductionat theTevatron

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

W/Z productionprocessesare“standardcandles”at hadroncolliders:

detectorcalibration,luminositymonitor,�

�

, andquarkPDFs

First distributionsatNNLO:

NLO predictionnotwithin LO uncertaintyband
Again,only NNLO shows thatperturbative predictionis reliable
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Higgsproductionvia gluonfusionwith �

�

� �

at theLHC

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

Still largescaleuncertaintyat NLO, which is considerablyreducedat NNLO
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Effectsof NLO QCDcorrectionson theHiggs

�
�

distribution in exclusive

�

�

�
� production:

�

���

�

�

��

	


��



���

�

�

�

��

�

���

�
�

�
�
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from S.Dawson,C.Jackson,L.Reina,D.W., PRD69 (2004)
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State-of-the-artof QCD predictionsfor Higgsproductionprocessesat
hadroncolliders:

productionprocess

�

��

�

�

� ��

�

by
� �

�

� S.Dawson,NPB 359(1991);A.Djouadi,M.Spira,P.Zerwas,PLB 264(1991)

MC@NLO C.J.Glosser, C.R.Schmidt,JHEP(2002);V.Ravindranetal,NPB634(2002)

HIGLU D.deFlorianetal., PRL82(1999)(distrib.), S.Catanietal., JHEP0105(2001)

MCFM V.Ravindranetal, NPB 665(2003)(NNLO)

R.Harlander, W.Kilgore,PRL88 (2002)(NNL0)

C.Anastasiou,K.Melnikov, NPB646(2002);hep-ph/0501130(distrib.) (NNL0)

�

�

�

�

�

�

���

	

� T.Han,S.Willenbrock,PLB 273(1991)

�

�

�

�

�

�

�

� T.Han,G.Valencia,S.Willenbrock,PRL69 (1992)

T.Figy, C.Oleari,D.Zeppenfeld,PRD68 (2003)(distrib.)

� �

� �

�

�

� �

�

�

� W.Beenakkeretal., PRL87 (2001),NPB653(2003)

S.Dawsonetal., PRL87(2001),PRD65(2002),PRD68 (2003)

� � � �

�

�

�

�

�

�

� S.Dittmaier, M.Kramer, M.Spira,hep-ph/0309204(2003)

S.Dawsonetal., PRD69 (2004)

�

�

�

�

�

	

�

�

�

�

�

	

� for a review seeJ.Campbelletal., LesHouches2003procs.,hep-ph/0405302

MCFM

� �

�

� for a review seeJ.Campbelletal., LesHouches2003procs.,hep-ph/0405302

MCFM R.Harlander, W.Kilgore,PRD68(2003)(NNL0)
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�

	 


�

�

	 	


�

for Higgsproductionprocessesathadroncolliders:

� �
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from S.Dawsonetal., in prep.(prelim.)
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State-of-the-artof QCDpredictionsfor electroweakgaugeboson
productionprocessesat hadroncolliders:

productionprocess

�

��

�

�

� ��

�

by

�

���

�

�

�

�

�

� �

	

W.L.vanNeervenetal, NBP 382(1992)

MCFM R.Hamberg, W.L.vanNeervenandT.Matsuura,NPB359(1991)(NNLO)

MC@NLO C.Anastasiou,L.Dixon, K.Melnikov, F.Petriello(NNLO, distrib.)

ResBos C.Balazs,C.-P. Yuan,PRD56 (1997)(resummedNLO)

� �

���

�

�

�

� J.Ohnemusetal., PRD44(1991);PRD43 (1991);PRD50 (1994)

AYLEN/EMILIA B.Meleetal., NPB 357(1991);S.Frixioneetal., NPB 410(1993);NPB 383(1992)

MC@NLO L.Dixon etal., NPB 531(1998);PRD60 (1999)

MCFM J.Campbell,R.K.Ellis, F.Tramontano,PRD60 (1999)

�

���

�

�

�

�

W.Giele,N.Glover, D.Kosower, NPB 403(1993)

MCFM J.Campbelletal, PRD65 (2002);PRD68(2003)

�

���

�

�

W.Gieleetal., PLB 372(1996);E.Bergeretal., PRD54(1996)

MCFM M.Aivaziaetal, PRD50(1994);J.Collins,PRD58(1998)

T.Stelzeret al., PRD56 (1997);J.Campbell,et al., PRD69 (2004)

�

�
�

�

�

�

�

J.Campbell,R.K.Ellis, PRD62 (2000)(
µ

�

� �

)

MCFM F.Maltoni etal., hep-ph/0505014(

µ

�

� �

)
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State-of-the-artof QCDpredictionsfor heavy quarkandjet production
processesathadroncolliders:

productionprocess

�

��

�

�

� ��

�

by
�

�

�

P.Nason,S.Dawson,R.K.Ellis, NPB 303(1988);NPB327(1989)

MC@NLO W.Beenakkeretal., PRD40(1989);NPB 351(1991)

M.Manganoetal., NPB 373(1992)

N.Kidonakisetal., hep-ph/0410367,hep-ph/0401056;A.Ban� et al., PRD71 (2005)

andreferencestherein(soft gluonsatNNLO)

W.Bernreutheret al., NPB690(2004)(spincorrelations)

singletop M.Smith,S.Willenbrock,PRD54 (1996);G.Bordes,B.vanEijk, NPB 435(1995)

MCFM T.Stelzeret al., PRD56 (1997);B.W.Harrisetal., PRD66(2002)

Z.Sullivan,PRD70 (2004);J.Campbell,R.K.Ellis, PRD70 (2004)

Q.-H.Caoetal, PRD71 (2005);hep-ph/0504230


 


�

�


 


	

�

�

�

�

W.Giele,N.Glover, D.Kosower, NPB403(1993)

NLOJET++ Z.KunsztandD.Soper, PRD46(1992)

JETRAD 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 representedby the four-
momentaof the �nal-state particlesand their correspondingweights. A
weight,

�

���

�

�

, assignedto the MC point

���

�

�

of the

�

th event, is com-
posedof thetotaldensityof theevent,

�
� ��

, andthematrixelementsquared
as

�

���

�

�

�

�

�	�




�

�

� ��

�
�




�

with

�

�	�




�

�

�

�

�

�
���

�
�

�

�

���

�	�




�

�

�

�

where�

� is a setof pseudo-randomnumbersand

�




arethe4-momentaof
the �nal-state particles. The MC estimate

�

� of the total crosssectionis
obtainedas(� � numberof events)

�

�

�

�

�

	

�




�

�

���

�

�

The four momentaand the correspondingweights are usedto �ll his-
togramsfor differentialcrosssections.
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�

Full matrixelementcalculationof NLO crosssections:

� exact�nal statekinematicsincludinghardscattering,

� preciseandreliablepredictionsfor “partonlevel” observables:to-
tal rates,inclusive distributions,

� but

� largelogarithmsarisingat phasespaceboundaries(soft,collinear,
threshold)only at NLO accuracy (no resummation),

� complex phasespacestructures,i.e. multiple peaksdueto “singu-
lar” propagatorsin

��� �

�

�

multi-channelapproach: choosemap-
pings,� �

� �




, suchthattheresultingJacobian,�

�

�
�

, cancelsthe
peakingbehaviour of

�

�	�




�

,

� nota gooddescriptionof moreexclusive observables,

� only oneadditionalhardparton,

� only weightedevents, whichevenmaybenegative,

� no realisticevents: no hadronization,no underlyingevent struc-
ture.

D.Wackeroth 2005CTEQSummerSchool 05/19–05/27



ATLAS TDR (CERN-LHCC-99-15(1999)):

... In mostcasesthey [higher order QCDcorrections]havealsonotbeen
embodiedin theMonteCarlo generator, sothatproperstudiesof their impacton
theobservedratescannotbeundertaken.Therefore,thepresentstudies... avoided

theuseof K-Factors,resortingto Born-level predictionsto bothsignaland
background.

EventGenerators(Herwig,Pythia,Isajet,Sherpa)

�

Realisticsimulationof physicsprocesses(events):

� connectsshortdistance(pQCD)with longdistancephysics:
startswith partonsfrom hard processproducedat large energy
scales(

�

�

���

�

) and branchesto a multi-parton �nal stateat
smallenergy scales(

�

�

�

���

�

�

),

� naturallyallows for formationof hadrons(hadronization,jet �nd-
ing algorithm),allows for hadrondecays,

� includesadescriptionof theunderlyingstructureof theevent,

but ...
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� but

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

� total ratesarenot reliable,

� thecollinearapproximationof thepartonshower doesnot allow for a
correctdescriptionof high

�
�

physics,

� nota goodtool for precisionphysics.
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Inclusive jet crosssectionsat theTevatronfrom M.Martinez,hep-ex/0505047

High
�

�

jet dataareusedto constrainthegluonPDFathigh

�

.
Comparisonwith NLO predictionsfor two differentvaluesof the � pa-
rameterof the

�

�

jet �nding algorithmS.Ellis,D.Soper, PRD48(1993):
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Goodagreementat high

�
�

. At small

�

�

NLO increasinglynot a good
descriptionof data(softgluon,fragmentationeffectsnot included).

D.Wackeroth 2005CTEQSummerSchool 05/19–05/27



Dijet productionat theTevatronfrom M.Martinez,hep-ex/0505047

Azimuthaldecorrelationsbetweentwo leadingjetsteststhedescriptionof
softgluonradiation.Comparsionof datawith NLO andPSeventgenerator
predictions:

 [rad]dijetfD
1.6 1.8 2 2.2 2.4 2.6 2.8 3

di
je

t
f

D
/d

s
) 

d
s

(1
/

-310

-210

-110

1

10

 [rad]dijetfD
1.6 1.8 2 2.2 2.4 2.6 2.8 3

di
je

t
f

D
/d

s
) 

d
s

(1
/

-310

-210

-110

1

10

 < 180 GeV
T jet1

130 GeV < p

 > 40 GeV
T jet2

| < 0.5, p
jet1,2

|y

CTEQ6.1M

 Dé Run II data

 NLOJET++
 NLO
 LO

Dé Run II preliminary

 [rad]dijetfD
1.6 1.8 2 2.2 2.4 2.6 2.8 3

di
je

t
f

D
/d

s
) 

d
s

(1
/

-310

-210

-110

1

10

 [rad]dijetfD
1.6 1.8 2 2.2 2.4 2.6 2.8 3

di
je

t
f

D
/d

s
) 

d
s

(1
/

-310

-210

-110

1

10

 < 180 GeV
T jet1

130 GeV < p

 > 40 GeV
T jet2

| < 0.5, p
jet1,2

|y

CTEQ5L

 Dé  Run II data

 PYTHIA6.218 - default

 PYTHIA6.218 - Tune A

 HERWIG6.500 - default

Dé Run II preliminary

PSeventgeneratorswork well at ��

�

�

�

(soft gluons),NLO calcula-
tionseverywhereelse.
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To meettheprecisionchallengesof theLHC weneedto
combinethe“bestof bothworlds”, i.e. interfaceevent
generatorswith MonteCarloNLO(NNLO) programs.
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A NLO calculationin a nutshell

NLO QCDcrosssectionto

�

�

� � � �

�

� partons:

� �

��

�

�




�




�

�

� �

� �

� �

�

�

�

�

�




�

� �

�

� �

�

���







�

�

�

�

�

�

�

�




�

�

�

�

�

�

�

�	� �




�


�

�

�

�

�

�

�

�

�

�

�




with thepartonlevel crosssections

�	� �




�


�

�

�

�	� �




�

�

�

�

�

�

�

�

�

�
�

�




�


 �

�

with

�

�	� �




�


�

�

�

�	� �




�

�
��

�

�

�	� �




�

�

��
�

�
�

�




�

�
��

�

:

� UV divergences:renormalizedin

�

�

�

�

�

�

dimensionsby suitable
set of counterterms(modi�ed �

�

scheme,on-shellsubtractionfor
heavy quarks)

� IR divergences:regularizedin

�

�

�

�

�

�

dimensions

�

soft and
collinear singularitiesappearas polesin �

���

�

�
�

. IR singularitiesare

completelycanceledby correspondingIR polesin

�	� �




�

�

��
�

.
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�
�

�




�

�

��
�

: IR singularitiesareextracted
� by imposingsuitablecutson the phasespaceof the radiatedparton:

phasespaceslicing (PSS)method.
for areview see,e.g.,B.Harris,J.Owens,PRD65(2002)(two cut-offs) Giele,Glover, andKosower;

KellerandLaenen(onecut-off)

� or by usingasubtractionmethod.
S.Catanietal., NPB627(2002)andreferencestherein

S.Frixioneetal., NPB467(1996),NPB507(1997)

Remaininginitial-stateIR singularitiesare absorbedin the PDFs(mass
factorization).PDFshave to beof thesameorderof accuracy asthehard
process.
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Phasespaceslicingmethod

�

�

�

�

�

�

��

�
�

�

	�


�




�

�

����

��� �

	��

���

�

�

�

��




PhaseSpaceSlicing: isolateIR singularregionof the �

�

�

phasespace,i.e. where

 

�

�

�

�

�

�"!

�

�

�

�#

�

#

�

	�$

%

�

�
&' ()

�

�

�

�

�

by introducingsuitablecut-off parameters.

two cut-off PSSmethod:

�

*

+

�

,

#

��-

�

*

.

 

/

�

0

	�$

%

&' ( )

�

� �

-

�

,

(unresolvedregion)

onecut-off PSSmethod:

 

123

 

�

�
-

 

4 �5

(unresolvedregion)

andintegrate �

�

�

�

� �� �

over theone-partonphasespace

6 analyticallybelow thecut-off(s)
Togetherwith �

�

�

�

7

2 �

8

thisconstitutestheweightwith �

�

� kinematics.

6 andnumericallyabove thecut-off(s)

9

weightwith �

�

�

�

�

kinematics.

Thedependenceon thetechnicalcut-offs cancelsin physicalcrosssections.
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Subtractionmethod

� Introducean“arbitrary” crosssectionthatful�lls thefollowing condi-
tions:

�

�	� �

�� �

has the samesingularbehaviour as

�	� �




�

�� � �

in eachphase
spacepoint

�

�	� �

�� �

hasto beanalyticalintegrableover thesingularone-parton
phasespacein

�

dimensions

�

subtractioncounterterm

�	� �

�� �

�

�

�

containsIR singularitiesaspolesin

�

� Add the analyticallyintegrated

�	� �

�� �

to thevirtual part andsubtract

�	� �

�� �

from therealpart:

�	� �




�

	


�

�

�

�

�

�

�

�

�	� �




�

�� � �

�

�� �

�

�	� �

�� �

�

�

� �




�

�

�

�

�

�
�

�




�

� 
 � �

�

�	� �

�� �

�

�

�




�

� �

Advantage:no technicalcut-off dependencethatneedsto becanceledbe-
tween�

�

�

�

�

and �

�

� realparts.
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NLO calculationsandrealisticsimulations:improved
toolsfor precisionexperiments

Challenges:

� How to avoid doublecountingof correctionsthat appearin both the
partonshowereventgeneratorandtheexactNLO matrixelement?

� How to calculatevirtual correctionsef�ciently andnumericallysta-
ble?

� How to dealwith theoccurrenceof negative weights?

First steps:

� PythiaandHerwig bothincludedmatrix elementcorrectionsfor hard
radiationto populate“deadzones”in phasespace.

� total rateis only LO, only oneadditionalhardparton,only donefor
speci�c processes

D.Wackeroth 2005CTEQSummerSchool 05/19–05/27



Theeffectof matrix-elementcorrections,asimplementedin Herwig

from G. CorcellaandS.Moretti, hep-ph/0402146

Higgs transversemomentumdistribution at LHC with Herwig with andwithout

matrix-elementcorrectionsandcomparedwith MC@NLO:

Herwigold

Herwignew

MC@NLO

Herwignew
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� CKKW: prescriptionof how to interface multi-jet matrix elements
with PSeventgenerators
S.Catanietal., JHEP0111:063(2001)

seealsoS.Mrenna,P.Richardson,JHEP0405:040,2004;Z.Nagy, D.Soper, hep-ph/0503053

� Basedonthe

�

�

jet �nding algorithm(successivemergingof pairs
of nearbyparticlesin orderof increasingtransversemomentum).

� Matrix elementsare only appliedin regions wherethe jet reso-
lution variable

�

�� �

�

�


� 


, andthe partonshower is usedwhen

�

�� �

�

�


� 


(two jetsareresolvedif

�
�

���

�
�� ¶

).

� LO matrixelementsareautomaticallygeneratedby MADGRAPH,
ALPGEN,for instance,anddressedwith Sudakov form factors.

� Alsosuccessfullyappliedto3-jetproductioncrosssectionsatNLO
asimplementedin NLOJET++.

� dependenceon

�


� 


cancelsto NLL accuracy, total ratenot reliable

�

many hardpartons
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� Full NLO+PSeventgenerators:
Methodsuggestedbut no codeavailableyet:

� grcNLO GRACE collaboration:

AutomatedNLO matrix elementgenerationusingLL subtraction
methodand combinedwith resummationof soft/collinearloga-
rithmswithoutdoublecounting.

� PhasespacevetoM.Dobbs,PRD65 (2002):
Appliedto �

�

� productionatNLO. Basedonphasespaceslicing
method.Interfacedto thePythiashower.

� MC@NLO S.FrixioneandB.Webber, JHEP0206(2002);hep-ph/0402116:

� Basedon the full NLO matrix elementfor the hard processto
theproductionof electroweakgauge(singleandpairs)andHiggs
bosonsandheavy quarks.

� The cancellationof IR singularitiesandthe avoidanceof double
countingis doneby amodi�ed subtractionformalism:
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theNLO termsthatarealreadyincludedin thepartonshower are
subtracted“by hand”fromthehardcrosssection:

�

·

�

�

	


�

�

��

� �

�

� �

�
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�
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�

�

�

�

�
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�
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� �
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� �
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�

�

�

·

�

	

��

�

�

�

�

�

�

�

�

�

� �

�

Eventsareproducedfrom theNLO weightedeventsusinga “hit-and-
miss”procedureandthenfed into HERWIG for showering.

� Negative weightsarisebut they did not affect the crosssections
studiedsofar.

� Work in progress:

�

�

�

� � , singletop,spincorrelations
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Top pairproductionat theTevatronandtheLHC

from S.Frixione,P.Nason,B.Webber, JHEP08(2003)

Tevatron LHC
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Electroweakcorrections

� Precisionmeasurementsalsorequiretheinclusionof electroweakcor-
rections., e.g.,a

�

massmeasurementis envisionedwith anaccuracy
of

�

�

�

�

�

�

�

�

�

	

�

�

at the Tevatron(LHC), whenextractedfrom
thetransversemassdistributionof the�nal-stateleptonpair, �

�

�

�

�

�

.

� Final-state
�

��� �

photonradiationinducesa shift in �

�

of -65� 20
(-168� 20 ) MeV in theelectron(muon)case.

� The full electroweak NLO correctionsto

� � � �

�

�

�

�

� �

� and

� � � �

�

�

�

�

�

�

� � �

have beenimplementedin the Monte Carlo
programsWGRAD andZGRAD. They have beenusedto studythe
impacton

��

�

�

�

�

�

�

�

�

by takinginto accountthedetectorresponse.

� At high energieselectroweakcorrectionscanbenumericallyaslarge
asQCDcorrections(EW Sudakov logs)

�

importantfor searchesfor
signalsof new physicsin tailsof distributions.

�

effectsof QCD andelectroweakcorrectionsshouldbestudiedtogether
usingoneMonteCarlo
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Theimpactof electroweak

�

	�� �

correctionson

�

	��

�

�

at theLHC - above theZ peak

Note: At theLHC at�

	
� �

�

�

$ TeV, QCD NLO correctionsenhance ��

�
�

�

� �

	

by

about15-20%.
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Theimpactof electroweak

�

	
�

�

correctionson�

�

	��
�

�

at theTevatron

from U.Bauretal, PRD59(1999)
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TheNLO/LO ratioof the�

�

distributionattheTevatronwith WGRADwhentaking
into accountrealisticleptonidenti�cation requirements:from U.Bauretal, PRD59(1999)

“The KLN theoremat work”

9

Theeffectsof �nal-stateradiationarelargely reducedin theelectroncase.
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ResBos-A:a �rst steptowardsa combinedQCD andQED NLO Monte
Carloprogram:
from H.-Q.CaoandC.-P.Yuan,PRL93 (2004)
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SummaryandConclusion
� TheLHC'spotentialfor precisionmeasurementsandsearchesfor sig-

nalsof new physicsheavily relieson our ability to provide reliable,
preciseandwell-understoodQCD predictions.

� Exclusive crosssectionsat NLO areavailablefor all relevant �

�

�

processesandmany �

�

�

processes.The frontier now is �

�

�

processes(hexagondiagrams).

� Recently, �rst NNLO resultsbecameavailablefor somedistributions
for speci�c �

�

�

�

� processes(
�

�

�

�

�

���

and

� �	�


 with 


�

� �

).

� The next importantsteptowardspreciseandrealisticpredictionsfor
QCD crosssectionsis to merge theseNLO calculationswith parton
showereventgenerators,suchasPythiaandHerwig.
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� Therehasbeena lot of recentprogress,e.g.,MC@NLO is a publicly
available NLO MC+partonshower generatorthat provides realistic
NLO predictionsfor exclusivecrosssectionsto

� � � �

�

�

�




��� ���

�

�

��

�

�

productionprocesses.

� For somestudies,it might evenbenecessaryto mergeNNLO calcu-
lationswith a partonshowergenerator.

� Combinedstudiesof theeffectsof electroweakandQCD corrections
are importantfor precisionmeasurements(�

�

from

�

Drell-Yan
production)andathigh energies(tails of distributions).

D.Wackeroth 2005CTEQSummerSchool 05/19–05/27



Someresources:
LesHouchesQCD/SMworkinggroupreport, hep-ph/0403100
LesHouchesGuidebooktoMCgeneratorsfor hadroncolliderphysics, hep-ph/0403045

Codes:
HEPCODEprogrammelisting at www.ippp.dur.ac.uk/� : wjs/HEPCODE/

MC@NLO: www.hep.phy./theory/webber/MCatNLO
MCFM: http://mcfm.fnal.gov/
HIGLU: http://people.web.psi.ch/spira/proglist.html
NLOJET++:www.cpt.dur.ac.uk/nagyz/nlo++/
JETRAD:http://vircol.fnal.gov/MCdownload/jetrad.html
AYLEN/EMILIA: www.itp.phys.ethz.ch/staff/d�orian/codes.html
WGRAD,ZGRAD:http://ubpheno.physics.buffalo.edu/� dow/
ResBos:www.pa.msu.edu/people/balazs/ResBos/
Pythia:www.thep.lu.se/torbjorn/Pythia.html
Herwig: http://hepwww.rl.ac.uk/theory/seymour/herwig/

fastNLO: a new tool for anef�cient, fastdeterminationof NLO observbales,e.g.,

whenstudyingtheoreticaluncertaintiesdueto PDFuncertainties.T.Kluge,K.Rabbertz,

M.Wobisch,work in progress
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