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1. TheSearchfor theHiggsboson

TheHiggsboson– a directconsequenceof W andZ bosonmassgenerationin the
StandardModel(SM) via spontaneoussymmetrybreakingof the

��

��� ���

�

�

��	 ��


gaugegroup. Goldstone(1961);Goldstone,SalamandWeinberg (1962);Higgs(1964,1966);Kibble

(1967);BroutandEnglert(1964);Guralnik,HagenandKibble (1964)

TheHiggsparticlesofareludeddirectobservation.

We know from direct (LEP2)andindirectsearches(EWK �ts) that theSM Higgs
bosonmasslies in therange

CERN-EP/2003-011,CERN-EP/2003-02(update:LEPEWWGwebpage)

	 	� �� GeV




�

�




�

�

��

GeV(95

�

C.L.)

Both

��� ��

and

�
�

� �

productionprocesseswill play an importantrole in Higgs dis-

covery (SM (LHC) andMSSM (LHC andTevatron))andin themeasurementsof
Higgsproperties,e.g.of thetopquarkYukawa couplingat theLHC.
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Dominantproductionmodes:

� �

�

� (backgroundvery large);

�

�

�

� �

�

���

�

(mostpromisingfor leptonicdecayof W/Z)

State-of-the-artof QCDpredictionsfor Higgsprocessesat hadroncolliders:

productionprocess

�

	


�

�

	 	


�

by

 
��

� S.Dawson,NPB359(1991);A.Djouadi,M.Spira,P.Zerwas,PLB 264(1991)

C.J.Glosser, C.R.Schmidt,JHEP(2002);V.Ravindranet al,NPB634(2002);

D. deFlorianet al., PRL82 (1999)(distrib.)

V.Ravindranet al, NPB665(2003)(NNLO)

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

C.Anastasiou,K.Melnikov, NPB646(2002)(NNL0)
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� T.Han,S.Willenbrock,PLB 273(1991)

��� �
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� T.Han,G.Valencia,S.Willenbrock,PRL 69(1992)

T.Figy, C.Oleari,D.Zeppenfeld,PRD68 (2003)(distrib.)
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� W.Beenakkeretal., PRL 87(2001),NPB653(2003)

S.Dawsonet al., PRL87 (2001),PRD65(2002),PRD68(2003)
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�

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

S.Dawsonet al., PRD69 (2004)




�

�

�

�

�

� �

�

�

�

�

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

� ��

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

R.Harlander, W.Kilgore,PRD68(2003)(NNL0)
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for Higgsproductionprocessesat hadroncolliders:
(for referencesseepreviousslide)
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from S.Dawsonetal., hep-ph/0210109
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variedbetween

·
¸

¹

º

»
¼

½

¾

¿Á
À

andÀ
·

¸

.

from S.Dawsonetal., in prep.(prelim.)

Many thanksto W.Kilgore andR.Harlanderfor

providing theirNNLO results.
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Dominantdecaymodes:
�

�




135GeV: �

� �
�

�

with �

�

�

�

�

�

,
�

�

�

135GeV: �

�

�

�

�

� with �

�

�

�

�

�

Branchingratiosof thedominantSM Higgsdecaymodes(includingQCD
corrections):

from M.CarenaandH.Haber, hep-ph/0208209
HDECAY (A.Djouadietal.)
M.Spira,hep-ph/9810289

D.Wackeroth,SUNY atBuffalo FermilabTheorySeminar 07/22/04



TevatronSM Higgsdiscovery potential

Integratedluminosityperexperimentfor a

��

�

CL exclusionof a SM Higgsor a
�

�

or a
�

�

discovery:

TevatronHiggsSensitivity Study
FERMILAB-PUB-03/320E

basedonZ/WH productiononly,

�

�

�

� � �

�

�
�

�

�

� �

�

�

	

�

�

syst.uncertaintyin S/B resultsin a

5,15,20% increasein

��

�

�
�

�

�

�

�

�

�

luminositythresholds(�

�

�

	 �

�

GeV)

Can

�
�

�

� help?

SM Higgsdiscovery reachat theTevatronRunII:

�

�




�

	 �

�

GeV(95

�

C.L. with 2 �

�

�

	 , 3

�

evidencewith 5 �

�

�

	 )

�

�

�

	

� �

GeV canbeexcludedwith 4 �

�

�
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In the StandardModel, Higgs bosonproductionin associationwith

�

quarksis

suppressedby thesmall

�

Yukawa coupling,

�
� �

�

�

�

�

�

�

�

�

�

� .

In theMSSM,however, thecrosssectionsto

�

�

� � � �

� �

�

� �

�

�

�

�

�

�

�

�

���

� , are
enhancedwith respectto theSM for largevaluesof
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s (pp
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Tevatron LHC

from M.Carena,H.Haber, Prog.Part.Nucl.Phys.50(2003)

M.Spira,Fortschr.Phys.46(1998)andhep-ph/9810289(update)
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Searchfor MSSM

�

�

�

�

�

�

�

�
�

� in 3

�

-taggedeventsusingD0 RunII data

(left) andTevatron95% CL exclusioncontoursfor

�

�

� � � �

�

� �

�

�

(right):
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seealsotalk by S.M.Wang,Moriond2004

seealsotalk by A.Melnitchouk,Pheno2004
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from theReportof theTevatronHiggsWG, hep-ph/0010338
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LHC SM Higgsdiscoverypotential

1

10

10 2

100 120 140 160 180 200

 mH (GeV/c2)
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fic
an

ce

 H  5  g g 
 ttH (H  5  bb)
 H   5  ZZ(*)   5  4 l
 H   5  WW(*)   5  lnln

 qqH   5  qq WW(*)

 qqH   5  qq tt

Total significance

 5 s

  I L dt = 30 fb-1

 (no K-factors)

ATLAS

from S.Gentile
ATL-PHYS-2004-009(andreferencestherein)

For �

�




	

� �

GeV theSM Higgssearch

is mainly through

�
�

�

� .
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TheLHC sensitivity for a MSSM

�

� bosondiscovery (left) andthediscovery
potentialfor

�
�

� �

� with

�

�

�

�

�

�

� (right) (

� �

curves):
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from S.Gentile,ATL-PHYS-2004-009(andreferencestherein)

seealsoS.Dawsonetal., hep-ph/0402172

discovery region
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TheLHC sensitivity for MSSM Higgsbosondiscoveries(

�

�

curves):

from S.Gentile,ATL-PHYS-2004-009(andreferencestherein)
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Expectedrelativeerroron thedeterminationof

�

��

� ���

at theLHC:

from A.Belyaev andL.Reina,JHEP0208(2002)

seealsoreview by D.Zeppenfeld,hep-ph/0203123
Basedon studiesby ATLAS, CMS,A.Belyaev, N.Kaur,
F.Maltoni,T.Plehn,D.Rainwater, L.Reina,
S.Willenbrock,D.Zeppenfeld
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directlyprobesthetopquarkYukawa coupling:

at theLHC with 200 �

�

�

	 and �

�




�

	

� �

GeV
�

� �

�

canbemeasuredwith a pre-

cisionof 15-20%.

from D.Zeppenfeld,hep-ph/0203123(andreferencestherein)
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Needfor NLO QCDcalculations
� LO calculationshave verystrongrenormalization/factorization

scaledependence:
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�

correctionscanstronglyincrease/decreasethetotal productionrate.

�

\

�

�

]

�

correctionsmayaffect theshapeof distributions.
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2. Associated

�
�

�

Higgsproductionat hadroncolliders

�
�

�

� productionat theTevatron

�

�

�

collider is dominatedby the

�

�

�

initiatedprocess
(

�

��

�

of

�

�

�

at 2 TeV):
q

q

t

t

h

q

q

t

t

h

�
�

�

� productionat the LHC

� �

collider is dominatedby the

� �

initiated process
(but all otherproductionprocessesshouldbetakeninto accounttoo):
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�

�

�

]

�

correctionsto

�

�

� � � �

� �
�

�

� production:Sometechnicaldetails

W.Beenakker, S.Dittmaier, M.Krämer, B.Plümber, M.Spira,P.M.Zerwas,PRL87(2001),NPB653(2003)

L.Reina,S.Dawson,PRL87 (2001),L.Reina,S.Dawson,DW, PRD65 (2002)

S.Dawson,L.H.Orr, L.Reina,DW, PRD67 (2003)

At NLO QCDthecrosssectionincludesvirtual andrealgluonradiation:

Examplesof realandvirtual

\

�

�

]

�

correctionsto

�

�

�

� �
�

�

�
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Examplesof realandvirtual

\

�

�

]

�

correctionsto

� �

� �
�

�

�
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g
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P6,t

Thecalculationsof the

\

�

�

]

�

correctionsto

� �

� �
�

�

� and

�

�

�

� ��� �

� aretech-

nically similar.

However, in thecaseof

� �

� �

�

�

� therearenew challenges,e.g.,spurioussingu-

laritiesarisingin thereductionof pentagontensorintegrals.
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NLO QCDtotal inclusive crosssectionto

�
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�

�

��

with thepartonlevel crosssections
�

�

�

�

� �

�

�

�

�

�

�

�

�

�

�

]

�

�

�

�

�

�

�

� �

�

with

�

�

�

�

�

� �

�

�

�

�

�

�

�

��

�

�

�

�

�

�

�

��
�

�

�

�

�

�

� �

�

:

� UV divergences:renormalizedin




�

�

�

�

 

dimensionsby suitablesetof
counterterms(modi�ed �

!

scheme,on-shellsubtractionfor top)

� IR divergences:regularizedin




�

�

�

�

 

dimensions

"

soft andcollinear
singularitiesappearaspolesin 	

#%
$

�

	

#

. IR singularitiesarecompletelycanceled
by correspondingIR polesin

�

�

�

�

�

��
�

:

� IR divergences:extractedby suitablecutson gluonphasespace(phasespace
slicing): two andonecut-off PSSmethodusingcrossingsymmetryandcolor
orderedamplitudes.Remaininginitial-stateIR singularitiesareabsorbedin
PDFs(massfactorization).
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PhaseSpaceSlicing: isolatetheregionof the

�

�

�

�

�

�

phasespacewhere
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�

�

�

by introducingsuitablecutoff parameters.

two cut-off PSSmethod:

�

]

�

�

�

e.g.Bergman,Baer, Ohnemus,Owens,Reno,..., for a review seeB.Harris,J.Owens,PRD65 (2002)
�







�

]

�
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�

�
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�




�

�

onecut-off PSSmethod:




� ��

Giele,Glover, andKosower; KellerandLaenen



�










� ��

andcompute�
�

�

�

� �� 	

� analyticallybelow thecut-off(s)

Togetherwith�

�

�

�

�

� �

�

thisconstitutestheweightwith�

� �

kinematics.

� numericallyabove thecut-off(s)

"

weightwith�

�

� kinematics.
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PhaseSpaceSlicingwith two cut-offs

e.g.Bergman,Baer, Ohnemus,Owens,Reno,..., for a review seeB.Harris,J.Owens,PRD65 (2002)
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wheretheeikonalfactor �

� ��

containsthesoft poles
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Analytical integrationin




�

�

�

�

 

dimensionsyieldsIR divergencesaspolesin

 �

�

:�

�

]�
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� � � moreover

�

�

�� ��

�

�

�

�� 	 	

� �
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�� � �
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�

�

�

�

�

� � �

�

�� 	 	

� ��	

�

�� � �
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�

�

�

�

�

In thecollinearlimit (


 � 
��

�

,

�

�

�

�

�

�

�

,

�




�

�
	

�

�

�

�

�
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� �

]
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� �
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(�
� �

� : AP-splittingfunction)
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Analytical integrationin




�

�

�

�

 

dimensionsyieldscollinearIR divergencesas
polein

 �

�

:�

�

�� 	 	

�

	

#

Theremainingrealhardpart

�

�

� � �

�

�� 	 	

�




�
�

!

�

�

� � �

�

�� 	 	

�
�

��� 	

�

�

�

�

� �
�

� �

�

�

��

�

is computednumerically.
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PhaseSpaceSlicingwith onecut-off

Giele,Glover, andKosower;KellerandLaenen
� Crossall partonsto �nal state:

�

�

�

� ��� ��

�

�

�

�

becomes

� �

�

�

�

�
�

�

�

�

�

�

(samefor gg initial state)

q

q

t

t

h
g

h

t

t

q

q

g

� Reduce�
�

�	� �

�

�

� �

��� 	

to colororderedamplitudesusing

�

�

�

�

�

$

�

�
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�
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� Introduceacut-off parameter




� ��

; theradiatedgluonisconsideredsoft/collinear
if




�










� ��

.

Usecolororderedamplitudesto systematicallyfactoroutsoft/collineardiver-
gences.

� Cross

�

�

�

to initial state,� to �nal state:

� interchange
�

and�

�

accordingly

� addcrossingfunction:

�

�

�	� �

��� 	

�

�

�

]�

�

�

�

�

�

�� 	 	

�

�

�

� � � ] ] ��




�

�

�

� � �

�

�� 	 	

Final steps

� Add virtual

\

�

�

]

�

corrections

"

IR divergencesin�

�

� � � �� � 	

arecanceledby
correspondingdivergencesin�

�

]�

�

�

�

�

�

�� 	 	

�

�

�

�

� � � ] ] ��


 �

.

� Massfactorization
Whenconvoluting�

�

� �

�

�	� �

with thePDFstheremaininginitial-stateIR singu-
laritiesareabsorbedinto thePDFs.
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Cancellationof cut-off dependencesin

�

� �

�

from L.Reina,S.Dawson,DW, PRD65 (2002);S.Dawson,L.H.Orr, L.Reina,DW, PRD67 (2003)
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� ��

dependencecancelsin

�

� �

�
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from L.Reina,S.Dawson,DW, PRD65 (2002),S.Dawson,L.H.Orr, L.Reina,DW, PRD67 (2003)
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Main Result

Drasticallyreducedscaledependenceof thetotal inclusive productioncross

sections:

�

�

�

� �
�

�

� � at theTevatron

150 250 350 450
m
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4.5
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s
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,N
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 (
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sNLO

ÖsH=2 TeV
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·

�

�

�
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�

� �

�
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º

»
¼
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¾

¿Á
À
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À

º

»

4.879(1) 4.69(2)

À

º

»
¼

½

¾
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from L.Reina,S.Dawson,DW, PRD65(2002),

L.Reina,S.Dawson,PRL 87(2001)

seealsoW.Beenakkeretal., PRL87 (2001),NPB653(2003)
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Main Result

Drasticallyreducedscaledependenceof thetotal inclusive productioncross

sections:

� �

� �
�

�

� � at theLHC
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from S.Dawson,L.H.Orr, L.Reina,DW, PRD67 (2003),

S.Dawson,C.Jackson,L.H.Orr, L.Reina,DW, PRD68 (2003)

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

�

dependence
� �

� �
�

�

� � at theLHC
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� � at theTevatron
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from S.Dawson,L.H.Orr, L.Reina,DW, PRD67 (2003),L.Reina,S.Dawson,DW, PRD65 (2002)

S.Dawson,C.Jackson,L.H.Orr, L.Reina,DW, PRD68(2003)

seealsoW.Beenakkeretal., PRL87 (2001),NPB653(2003)
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Summaryfor

�
�

��

�

�
�

�

� is avery interestingproductionmodeat theLHC:
� discover/con�rm theHiggs

� measurementof TopYukawa coupling

� SM?New Physics?

� It is crucialto know theimpactof QCDcorrections.

� TheNLO inclusive totalcrosssectionto

�

�

�

� �

�

�

� at theTevatronand

� �

�

��� �

� at theLHC hasbeencalculatedindependentlyby two groups:

�

� �

�

�

�

�

�

� �
�

�

� ): W.Beenakkeretal., PRL87(2001)

L.Reina,S.Dawson,PRL87 (2001),L.Reina,S.Dawson,DW, PRD65 (2002)

�

Thetwo calculationsarein goodagreement.

�

� �

�

�

� �

� �
�

�

� ): W.Beenakkeretal., PRL87(2001)

S.Dawson,L.H.Orr, L.Reina,DW, PRD 67 (2003),S.Dawson,C.Jackson,L.H.Orr, L.Reina,DW,

PRD68 (2003)

�

Thetwo calculationsarein goodagreement.
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� At NLO the factorization/renormalizationscaledependenceis strongly re-

duced.

� The remainingtheoreticaluncertaintyfrom

�

variation is estimatedto be
about	

�

�

	

�

�

(Tevatron)and	

�

�

�

�

�

(LHC).

� At the Tevatronthe
\

�

�

]

�

correctionsslightly reduce

�

�

�

for

�

�




�




�

�

�

(� �

�

�

�

�

�

�

��

).

� At theLHC the

\

�

�

]

�

correctionsslightly enhance

�

�

�

for

�

�

�

�

�

�

�




�




�

�

�

�

� �

�

(� �

	 ��

�

	 �� ).

� Possibleimprovement:Resummationof large logarithmic correctionsat the

�
�

� �

threshold.
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at theTevatronwhenonly

including
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]

�

corrections:
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�

�
� �

�

�

	




�

� �
�

� �
�



�

�

���

�

�

��

� ��

�

�
�

���

� �

!

�

�

�

"
#

��

� �

�

�
�

�

�

$

�

!

�

�

�

"

%

& & &' & &( & &) & &* & &+ & &

,

& &- & &

-
.

+
/

%

&1
0

2

-

/

%

&1
0

2

3.

+
/

%

&1
0

2

3
/

%

&4
0

2

%.

+
/

%

&1
0

2

%

/

%

&4
0

2

+
/

%

&1
0

5

&

6

+
/

%

&4
0

5

6

%

/

%

&4
0

2

6

%.

+
/

%

&4
0

2

D.Wackeroth,SUNY atBuffalo FermilabTheorySeminar 07/22/04



3. Associated

�
�

�

Higgsproductionat hadroncolliders
� �

� �

�

�

� �

�

� �

at

� �

and

�

�

�

collidersis dominatedby the

� �

initiatedprocess.

Thecalculationof the

\

�

�

]

�

correctionsto

� �

� �

�

�

� �
�

� �

is technicallysimilar to

�
�

� �

production.We“simply” replace

�

�

by

�

�

.

However, therearedifferences:

�

We considerboth the

� !

schemeandthe �

!

schemewhenrenormalizing

the

�

quarkmassin the

�

Yukawa coupling:

� !

:

�

� � �

�

�

�

���

with
�

�

beingthepolemass

�

!

:

�

� � �

�

�

�

�

�

� ���

with
�

�

�

�

�

beingtherunningmass

"

Possibleim-
provementof perturpativecalculationby resumminglargelogarithmiccontri-

butionsto the

�
�

� �

vertex.

�

Thecontribution from theclosedtopquarkloopsis included,e.g.:

g

g

b

b

h

g

g
b

b

h g

g

b

b
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The

�
�

� �

processesareclassi�edaccordingto how many

�

quarksareidenti�ed: 2

�

quarkstagged,1

�

quarktaggedandthefully inclusive case.

In the2(1)

�

-tagcasewe requiretwo(one)high

�

�

�

quarkjetsin the�nal state:

�

�

�

�

�

�

�

�

�

GeV and

�

�
�

�

�

�

�




�

�
� �

�

�

Tevatron(LHC)

Moreover, we considerthe radiatedgluonandthe

�

�

�

�

quarksasdistinctparticles

only if

�

�

�

�

�

�

�

�


 �

�

�

�

�
�

�

�


 �

�

�

�

��

Otherwisetheir 4-momentumvectorsarecombinedinto aneffective

�

�

�

�

momen-

tumvector.
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Exclusive

�
�

�

Higgsproductionat hadroncolliders

�

Requiringtwo high

�

�

�

quarkjets in the �nal statereducesthe signal,but
alsogreatlyreducesthebackground.

�

Unambiguouslyproportionalto the

�

quarkYukawa coupling.

Status:

Two independentcalculationsbasedon

� �

� �

�

�

� �

�

� �

atNLO QCDbyS.Dittmaier,
M.Krämer, M.Spira (hep-ph/0309204)andS.Dawson,C.Jackson,L.Reina,D.W.

(PRD69(2004)).They arein goodagreement.
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�

�

dependencein theMSSM

� �

� �

�

�

�

�

�

� at theLHC
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from S.Dawson,C.Jackson,L.Reina,D.W., PRD69 (2004)

To a goodapproximationtheMSSM resultcanbeobtainedfrom theSM resultas
follows:

�

� �

�

���

� �

�

�

�

�

� �

�

�

�

�

�

�
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Main Result

Drasticallyreducedscaledependenceof theNLO QCDcrosssections:

�

�

�

� �

�

� �

�

� at theTevatron
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� at theLHC
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The

�

quarkmassusedin

�

� � �

is renormalizedeitherin theon-shell(

� !

) or �

!

scheme
( ½

�

: LO with 1-loopandNLO with 2-looprunningmass).

from S.Dawson,C.Jackson,L.Reina,D.W., PRD69 (2004)

seealsoS.Dittmaieretal., hep-ph/0309204andJ.Campbelletal. in LesHouches2003proceedings,hep-ph/0405302
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Effectof NLO QCDcorrectionson theHiggs

�

�

distribution:
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from S.Dawson,C.Jackson,L.Reina,D.W., PRD69 (2004)
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Inclusive andsemi-inclusive

�
�

�

Higgsproductionat hadroncolliders

For a review see,e.g., J.Campbellet al., LesHouches2003 proceedings,hep-
ph/0405302.

Status:Thereexist twoapproaches,dubbedvariable(or �ve) �avor numberscheme

(VFS)and�xed (or four) �avor numberscheme(FFS):

�

FFSapproach
Fixedorder, explicit matrixelementcalculationbasedonthepartonlevel pro-

cesses

� �

� �

�

�

� �
�

� �

.

Inclusive (no

�

tagged)andsemi-inclusive (1

�

tagged):known atNLO QCD

Two independentcalculationsby
S.Dittmaier, M.Krämer, M.SpiraandS.Dawson,C.Jackson,L.Reina,D.W.

�

Thesetwo calculationsarein goodagreement.

�

VFSapproach
Useof

�

quarkPDFsto sumto all orderslarge logs,

�

]
� �

�

�

�

�

�

�

�

�

�

(

�

�

�

�

�

), whicharisedueto initial-state

�

� �
�

�

splitting.
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�

VFSapproach

Inclusive (no

�

tagged):known at NNLO QCD
�

quarkfusion,

�
�

� � �

, is theleadingordersubprocessof

\

�

�

�
]

� �

�

�

�

�

�

�

�

� �

and
�

�

�

�

�

�

� �

�

�

�

�

�

and

� �

� �

�

�

� �

�

� �

are identi�ed asNLO contributions
to

�
�

� � �

of

\

�
	

�

� �

�

�

�

�

�

�

� �

and

\

��	 �

� �

�

�

�

�

�

�

�

� �

, respectively.

D.Dicus,F.Maltoni,T.Stelzer, Z.Sullivan,S.Willenbrock

¹b

b

h

g

b

b

h

 

g

b

b

h

Inclusive

� � � �

�

�

�

�

�
�

�

�

�

�

� productionhasbeencalculatedat NNLO

QCDby R.Harlander, W.Kilgore.

Semi-inclusive (1

�

-tagged):known atNLO QCD

�

�

�

�

�

�

� �

�

�

�

�
�

is the leadingordersubprocessof

\

�

�

�
]

� �

�

�

�

�

�

�

� �

and

� �

� �

�

�

� �
�

� �

are identi�ed as NLO contributions of

\

�
	

�

� �

�

�

�

�

�

�

� �

.

J.Campbell,R.K.Ellis, F.Maltoni,S.Willenbrock
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Main Result

Drasticallyreducedscaledependenceof the

NLO QCDcrosssections– 1

�

tagged:
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preliminary preliminary

from S.Dawson,C.Jackson,L.Reina,D.W., in preparation
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Main Result

Drasticallyreducedscaledependenceof the

NLO QCDcrosssections– no

�

tagged:
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�

�

dependence– 1

�

tagged

Comparisonwith

�

quarkPDFapproachby J.Campbell,R.K.Ellis, F.Maltoni, and

S.Willenbrock:
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�

� ¶

: from S.Dawson,C.Jackson,L.Reina,D.W., in preparation,seealsoS.Dittmaieretal., hep-ph/0309204

�

�

�

�

�

	

�
�

�

�

�

	
¶

: from J.Campbellet al. in LesHouches2003procs.(hep-ph/0405302)

andclosedtop quarkloop addedto MCFM (J.Campbelletal., PRD67095002(2003))
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�

�

dependence– 0

�

tagged(VFS)

from R.Harlander, W.Kilgore,Phys.Rev. D68 (2003)013001
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Effectof NLO QCDcorrectionson theHiggs

�

�

distribution:
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Effectof NLO QCDcorrectionson theHiggs

�

�

distribution:
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Summaryfor

�
�

��

�

�

�

��

is an importantHiggs productionmodein modelswith an enhanced

�

quarkYukawa coupling,e.g.for largevaluesof

��

�

�

in the2HDM, MSSM.

� It is crucialto know theimpactof QCDcorrections.

� Therehasbeenconsiderableimprovementin obtainingstableQCD predic-
tionsfor inclusive,semi-inclusive andexclusive Higgsproductionin associa-

tion with

�

quarks(for a review see,e.g.,J.Campbelletal., LesHouches2003
proceedings,hep-ph/0405302):

�

In all threecases,atNLO (NNLO) QCDthefactorization/renormalization
scaledependenceis stronglyreduced.

�

�

�

� � � �

� �
�

��

productionhasbeencalculatedat NLO QCD basedon the

� �

�	

�

	

� �
�

��

partonlevel processesindependentlyby two groups:

�

Thetwo calculationsarein goodagreement.

�

Resultshavebeenobtainedfor theinclusive,semi-inclusiveandexclu-

sive case.
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�

In theexclusivecase(2b-tagged),theremainingtheoreticaluncertainty

is estimatedto beabout�

�

�

�

�

�

(Tevatron,LHC)dueto residualscale
dependenceandabout�

�

�

�

�

�

(Tevatron,LHC)dueto

�

quarkYukawa

couplingrenormalizationschemedependence.
� Semi-inclusive

�

�

�

�

�

�

productionbasedon

�

�

�

�

�

�

� �

�

�

�

�

�

hasbeencal-
culatedat NLO QCDusingthe

�

quarkPDFapproach(VFS).

�

Thetwo NLO calculations,basedon

� �

�	

�

	

� �

�

��

(FFS)and

�

�

�

�

�

�

�

�

�

�

�

�

�

(VFS)subprocesses,agreewithin their respective theoreticaluncer-
tainties.

� Inclusive

�

�
�

�

�

�

productionbasedon

�

quarkfusion,

�

�

� � �

, is known at
NNLO QCD(VFS).

�

The predictionsbasedon
� �

�	

�

	

� �
�

��

(FFS)and

�
�

� � �

(VFS)

subprocessesagreereasonablywell within their respective theoreticalun-
certainties.

� Possibleimprovement(FFS): Identi�cation andresummationof large loga-

rithms,� �

�

�

�

���

	

�

, arisingwhenintegratingover the

�

quark

�

�

.
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Conclusion

QCD predictionsfor total crosssectionsto Higgsproductionprocessesat hadron

collidersareundergoodtheoreticalcontrol:

� �
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