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Whatis the physicalworld madeof ?
or

“So thatno morewith bitter sweat
| needto talk of whatl don't know yet,
Sothatl mayperceve whaterer holds
Theworld togethernn its inmostfolds,..”
Faust,JohannWblfgangvon Goethe
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0. Prelude

In particlephysics,the understandin@f physical phenomenas basedon
Identifying afew fundamentatonstituentanda few fundamental
Interactions.

Matterparticles LeptonsandQuarks
Forces Strong Weak Electromagnetic(gravity)

The forces (or interactions)amongthe constituentsof matterare inter-
pretedin termsof the exchangeof gaugebosons.

Gaugebosons Gluon, and bosonsPhoton (graviton)
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The particle drawings are simple artistic representations
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Interactions: coupling of forces to matter
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Theultimategoalof elementaryarticlephysicsisto nd thefundamental

law(s) of nature the nal underlyingtheory thatdetermineghe dynamics
of matter

StevenWeinbenq: “... to lookfor a simplesetof physicalprinciples,which
haveaboutthemthegreatespossiblesensef inevitability andfromwnhich
everythingwe knowaboutphysicscan,in principle, bederived?

ElementaryParticlesandthe Laws of Physics, The 1986Dirac Memorial Lectures.

Steven Weinbepg: One could imagine®“... that specifyingthe symmetry
groupof nature maybeall weneedo sayaboutthephysicalworld, beyond
the principlesof QuantumMedanics’

ElementaryParticlesandthe Laws of Physics, The 1986Dirac Memorial Lectures

In the Standardviodel of Particle Physics,gaugesymmetrierescribahe
dynamicsof matter
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|. Introduction

|.1. TheStandardModel of Particle Physics

To describethe fundamentalnteractionsof quarksandleptons,a “new”
fundamentabymmetryprinciple hasbeenidenti ed:

local gaugeinvariance= laws of physicsareinvariantundera space-time
dependenthangeof “scale”.

Electromagnetiinteraction:

It doesnot matter if we choosefor the electromagnetidour-potential

In lowa City and In Buffalo, we will getthesame
and elds
or
theelectromagneticeld strengthtensor IS invariant

underlocal phasdransformations
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Local GaugelnvarianceasDynamicalPrinciple

Startingwith non-interactingelectrons(and positrons)and photonsand
Imposinglocal gaugeinvariancdeadsto electron-photomteractionin the
form: ( IS the consered electromagneticurrent).

But: “naive” masstermsspoil local gaugeinvariance

MasslessnesH thephotonasaconsequencef gaugeinvarianceof the
electromagnetimteraction.
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Symmetrieof the StandaraModel

Interaction symmetrygroup gaugetheory

electromagnetiq local U(1): QED
invarianceunderspace-timalependenphase
transitionsgeneratedby the electricchage

strong local SU(3): QCD
iInvarianceunderspace-timalependentotations
in the 8-dimensionatolor space

electraveak SU(2) U(L): SM of electraveak

iInvarianceunderspace-timalependentotations
in the 3-dimensiona(weak)isospinspaceand
underphasdransitionsggeneratedby

the (weak)hyperchage ( )

Still far from Weinbeg's onesymmetngroup of nature

interactions
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|.2. TheHiggsmechanism

Theorigin of massan the Standardviodel (SM)

Experimentafact: themediatorf theweakforce,the and bosons,
aremassve.

But: explicit masgermsbreaktheelectraveakgaugesymmetryof theSM.

Solution: spontaneousymmetrybreakingof the gauge
group the symmetryis “hidden” in sucha way thatthe W andZ bosons
becomeamassve andthe photonremainsmassless.

Goldstong1961);Goldstone SalamandWeinbeg (1962);Higgs (1964,1966)Kibble (1967);Brout and
Englert(1964);Guralnik,HagenandKibble (1964)

Hiddensymmetry:

A phenomenorthat occurswhena systemthat is symmetrichascritical
pointsthatarenot, e.g.,potentialminimain classicatheory vacuan QFT.

Consequencan the SM thereexistsonemassve spin—0(scalar)patrticle,
theHiggsboson
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“Hiding” the electraveakgaugesymmetryof the SM:

1. Introducetwo complex scalarelds, , With gauge-ivariant
Interactionsamongthemselesandwith the SM fermionsandbosons

with — —

2. Arrangeself-interactionsothatspontaneousymmetybreakingcanoc-
curandchoosdhevacuumstatesothatit is notinvariantunderelectraveak
symmetrybut still symmetric:

Higgs potential(“sombrero”’potential):

SSB: IS minimizedby —  —
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Orientationof in the

SU(2)spacds not x ed:

Thechoiceof onevacuumstate(spontaneoushreakshe SU(2) symme-
try, e.g.,choose

but it is still invariantunder
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Spontaneousymmetrybreakdavn with — (with )
sothat

W andZ bosonsandfermionsacquiremass.Thephotonremaingnasslesgresidual
symmetry ). The Higgs-fermioncoupling strengthis proportionalto the
fermionmass.

Onephysicalscalamarticleemepges,theHiggs

Boson( ), with mass \/ :
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TheHiggspatrticle:
a necessargonsequencef our understandingf
theorigin of massn the SM.

TheHiggsparticlesofar eludeddirectobseration.

We know from direct (LEP2) and indirect searcheg ts to electraveak
data)thatthe SM Higgsbosonmasdies in therange
CERN-EP/2003-011CERN-EP/2003-02update.LEPEWWGwebpage)

GeV GeV(95 C.L)

the Higgsbosonmight be“just aroundthe corner”
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|.3. Whereis theHiggsparticle?

Statusandprospect®f (direct) Higgs searcheat high-enegy collider ex-

periments:
Past:Directsearchatthe CERNLEP2 collider operatechbove the
W-pair productionthresholdupto GeV (shutdavn in 2000):
GeV CL
PresentfFermilabTevatron collideroperatedat1.96TeV (status:0.25
of integratediuminosity ontape, by 2009):
Higgsdiscovery reachatthe Tevatronwith perexperiment:
GeV

Future: CERNLHC  colliderwill be operatecat 14 TeV, startsin
2007:

If It exists,the LHC will discoverit.

And: LHC will measurghe Higgsmassandratiosof its couplings,
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TheLEP colliderring (27 km) at CERN, Genaa, Switzerland
Futuresite of the Large HadronCollider (LHC)
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Movie
http://atlasgperiment.og/
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Thedirectsearchor the Higgsbosonis extremelychallenging:

LEP-II andthe Tevatronmainly look for the Higgs bosonproducedn as-
sociationwith a electraveakgaugebosone.g.,

/
7/
H .
/
/

" igm, g™cosgy and ’

Signaturan thedetector:2 b-quarkjets (identi ed via b-tagging)andtwo
light quarkjets.

Theseaventsareextremelyrare:
At LEP-II thebackground=samesignaturan thedetectorbut containano
Higgs)is up to two ordersof magnituddargerthanthe Higgssignal.

At the Tevatron

At the LHC, the backgroundor thelight Higgssearch ) is of the
order  timeslargerthantheHiggssignal.
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At LEP-II, a few spectaculaiSM Higgs candidatehave beenrecorded
(ALEPH, 4-jetevents, GeV) consistentvith aroundl116GeV,
but no discovery couldbeclaimed.

Ag $5:90:LT 0002-Bny-6z uo apen

ANVO H Sd'90.T 628000 188700 869¥S00Q :dweus)|iy

from the ALEPH webpageat CERN

T4 1Tva Y#m NNVINEIATHA
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Theindirectsearchor theHiggsboson:
theHiggsbosonleavesa “trace” in measurementsf and boson
propertieghroughits virtual presenceén quantumoops,e.g.,

Whencomparingoprecisepredictionswith atleastequallyprecisemeasure-

mentsinformationaboutunknavn parametersf the SM suchastheHiggs
masscanbe extracted.

How to male precisepredictionsfor high-enegy collider experiments?
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We rely on perturbationtheory, e.g.,a Feynmangraphexpansionin the
couplingconstanof the scatteringamplitude:
lowestorder. Bornapproximationg.g.,Z bosonproductionat LEP/SLC

IS Of

1-loop in the'quantumworld' the photonand Z bosonfeel the virtual
presencef all particles:

IS Of

arethe quantumcorrectiongradiatve correctionspf thetheory
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By comparingoredictionsfor electraveakobserablesincludingradiatve
correctionsvith measurements

the electraveaksectorof the SM is probedat the quantum-loopevel,

theconsistenyg of theSMis checledby comparingdirectwith indirect
determination®f input parameters.g., ,

the SM Higgsbosonmasscanbe predictedand

the parametersf modelsbeyondthe SM canbe constrained.

The SM is successfullytestedas a QuantumField
Theoryatthe permillelevel — no deviationsfound.

Note: We needto extendthe SM to incorporatethe experimentalfactthat
neutrinoshave mass.

Morever: Small descrepancieé ) obsered in the measuremenof
theweakmixing angleat NuTeV andthe anomalousnagneticonomentof
themuonat BNL.
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TheglobalSM ®t to all electraveakdata:

aanomalies®;
(NuTeV)

Two

Possiblesources:
statistical uctuation
experimentakystematics
theoreticaluncertainties
non-standarghysics(3tough®,
e.g.,theMSSM doesnot help)

Summer 2004

Measurement Fit O™ Q™|/s™meas

O 1 2 3
m, NGeVN 91.1875A0.0021 91.1874
G,MBeVN  2.4952 A0.0023  2.4966
sp.gMbN 41540 A0.037  41.481
R, 20.767 A0.025  20.739
AL 0.01714 A0.00095 0.01650
A(P,) 0.1465A0.0032  0.1483
R, 0.21630 A0.00066 0.21562
R, 0.1723A0.0031  0.1723
AP 0.0998 A0.0017  0.1040
AYC 0.0706 A0.0035  0.0744
A, 0.923 A0.020 0.935
A, 0.670 A0.026 0.668
A(SLD) 0.1513A0.0021  0.1483
sin’gsP(Q,,) 0.2324 A0.0012  0.2314
m, M6eVN 80.425A0.034  80.394
Gy MseVN  2.133 A0.069 2.093
m MseVN  178.0 A4.3 178.2

0 1 2 3
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Indirectsearchesia presencen loops, : correlation: §N‘42
(—) -
LEPEWWGS 12004 . -

80.6 T |umm.e. B Directandindirectmeasurements

| —LEPL SLD Data of arein goodagreement:

80.51 68y CL Gev

— ' GeV
> : :
8 (LEP, ) prefersalight Higgs
E 80.4 (NuTeV)=80.136(84)GeV prefers
& aheary Higgs

80.3

m, [Ge ]
0.2 |1|14| :.)’O- 1000" IPIreI!mllnalry
130 150 170 190 210
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Fromglobal®t to all electraveakprecisiondata:
CERN-EP/2003-09{updateSummer2004)

GeV GeV C.L.
LEPEWWGS 12004 : :
6 — =L ' blueband:theoreticaluncertainty
1 Da®, = |  dueto missinghigherordercorrections
S - -
0.02761+0.00036 blugred curves:
i ---=0.02749+0.00012 e _
4 - -+ incl. low Q? data — uncertalntwlueto
N ] |
O ] —
A 3
2 — —]
1 — —]
0 | Excluded 5 _..x‘igreliminary—
20 100 400

m,, [GeV]

D.Wackeroth,SUNY Buffalo Colloquiumatthe University of lowa 10/18/04




HO production at hadron colliders:

g g fusion : t

9 3360606060 060] q

~€

HO WW, ZZ fusion :
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g \
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from the CMS websiteat www.cern.ch

But: BR(H—ZiZj—»4l % = 1.4¥10P3

events for 10° pb-1
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DominantSM Higgsdecaymodes
135GeV with :
135GeV with

Branchingratiosof thedominantSM Higgsdecaymodes:

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

Integratedluminosity per experimentfor a CL exclusionof a SM Higgsor a
ora discovery:

TevatronHiggs Sensitvity Study
FERMILAB-PUB-03/320E

basedon Z/WH productiononly,

syst.uncertaintyin S/B resultsin a
5,15,20% increasean
luminositythresholdg GeV)

Can help?

SM Higgsdiscovery reachatthe TevatronRunll:

GeV(95 C.L.with2 , 3 evidencewith 5 )
GeV canbeexcludedwith 4
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LHC SM Higgsdiscovery potential

(&
8 HS5 gg
_ -1

S ILdt=30fb ttH(H 5 bb)
= (no K-factors) H 5 zzO 5 4]
2 ATLAS H5 ww® 5 Inin
= 10°F qgH 5 qqww®
=1 qgH 5 qqtt
n Total significance

10

1 | | | | | | | | | | | | | | |

120

140

160 180 200
m,, (GeV/c)

from S.Gentile
ATL-PHYS-2004-009andreferencesherein)

For GeVthe SM Higgssearct

IS mainly through
After aboutl yearof runningat 10
thefull Higgsmassrangecanbe covered!
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ll. Supersymmetryoneof the mostattractve extensionof the SM

SupersymmetrySUSY)introducesa highersymmetryinto theSM. SUSY
relatesfermions(spin 1/2) andbosongspin0,1) andpredictsnen SUSY
particles:Every SM particlegetsa partnerwhich only differsin spin.

Naturehasshavn thatit likesgaugetheories SUSYisthenext logical
gaugetheoryto try.

Locally supersymmetrid¢ransformationsare intimately tied up with
space-timeones: possiblepathto uni cation of gravity with strong
andelectraveakforces

ne tuningor theproblemof fundamentascalarsin theSM theHiggs

bosoncanbe arbitrarily heary dueto the occurrenceof quadraticdi-
velgences ne tuningis neededsothat TeV - not natural
In atheoryof everything

SUSY partnerscanceldivergences no ne tuningneeded.

The Minimal SupersymmetriSGM (MSSM) predictsthe existenceof 5
Higgsbosonspneof them( ) with amasssmallerthanabout130GeV.
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lll. Higgsproductionin associatiowith heary quarksatthe Tevatronandthe LHC

Both and productionprocessesvill play an importantrole in
Higgsdiscorvery andin the measurementsf Higgs properties:
discover/con rm theHiggs
measuremerdf Top andBottom Yukawva couplings

SM?New Physics?
IS animportantHiggs productionmodein modelswith anenhanced
guark Yukawa coupling, e.g., for large valuesof In the 2HDM,
MSSM.

In theStandardodel, Higgsbosonproductionn associationvith quarks
IS suppresselly thesmall Yukawa coupling, -

In theMSSM, however, thecrosssectiongo ,
areenhanceavith respecto the SM for large valuesof

and
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tanb

Searchfor MSSM In 3 -taggedeventsusingDO Runll
data(left) andTevatron95 % CL exclusioncontoursfor

(right):
95% CL Exclusion, M, Max Scenario
Dé Run Il Preliminary 1 1 1 .
150} 1 2for [ 5fb I 10fb” MM 30fb
excluded 45 _
40 i 2
1<
1004 . 35 T3
o) 30 ‘; (V)]
§2
MSSM Hi 20 i3
50H 1S |g_gs bosons 15 iz
bbf (® bb), f =h, H, A : m
5 2xDé i
80 100 120 = 140 100 150 200 250 100 150 200 250 300

m, (GeV) M, (GeV)

from The DO collaborationD0 Note4366- CONF  from the Reportof the TevatronHiggs WG, hep-ph/0010338
Systematiaincertaintyin crosssectionmeasuremens about25 %.

It is crucialto know theimpactof QCD corrections.
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Expectedelative erroronthe determinatiorof atthe LHC:

N
o

Ds /s, (%)
&

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

seealsoreview by D.Zeppenfeldhep-ph/0203123
Basedon studiesby ATLAS, CMS, A.Belyaey, N.Kaur,
F.Maltoni, T.Plehn,D.Rainwater L.Reina,
S.Willenbrock,D.Zeppenfeld

w
o
I

20 -

15 X

110 120 130 140 150 160 170 180
My, (GeV)

directly probesthetop quarkYukawa coupling:
atthe LHC with 200 and GeV canbemeasureavith
a precisionof 15-20%.
from D.Zeppenfeldhep-ph/0203128andreferencesherein)

It is crucialto know theimpactof QCD corrections.
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lII.1. Needfor next-to-leadingorder(NLO) QCD calculations

Leadingorder(LO) calculationdhave very strongrenormalizationéctorization
scaledependence:

correctionsanstronglyincrease/decreaseetotal production
rate

correctiongnay affect the shapeof distributions
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111.2. productionin the Standardviodel

productionatthe Tevatron
( of at1.96TeV):
q

productionat the LHC

g~
N

!
939

9 60

a>
9@”6‘0’

7, _-h
U<
t

g 000

o
90

Koo

o

S

g i
0‘0\¢

3
@199

975660

a>
9@’60’

ﬂ<h
i

Ol

————————

ST

————————

collideris dominatedby the

collider is dominatedby the
(but all otherproductionprocesseshouldbetakeninto accountaswell):

Initiated process

Initiated process
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correctiondo

production:A few technicaldetails

W.Beenakkr, S.Dittmaier M.Kramer B.Plumber M.Spira,P.M.Zerwas,PRL 87 (2001),NPB 653(2003)

L.Reina,S.Davson,PRL 87 (2001),L.Reina,S.Davson,DW, PRD 65 (2002)
S.Dawson,L.H.Orr, L.Reina,DW, PRD67 (2003)

At NLO QCD thecrosssectionincludesvirtual andrealgluonradiation:

Examplesof realandvirtual

q

q

1.
2

P s P

IR s 7 Pn
X QQQ( sk

pe 0z q pe

correctiondo

K - Pn P
A
Bt P e [ L1 P
000t
] L, pe
a2 L0 pt a2 &JKQJJ X b % b
N Ph
B5Y B5® B3® B3?
q K q
L s ATE Pt 1, ~ ki>—n
0\ §9/
w - —>—- Pn \ @ k- —>—- Pn
0000 _>_39 2
a2 = pe¢ 02 pe
P1 P2
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Examplesof realandvirtual

g(k)
a(k) - 6 ¢
9}0(5666 9 GEEGETT
G@fm&
gf o g TEE0HGT
97000 000 t 975001
fam%Gm:{ i g 0T
Pl,t P2
976601 t 9 7GEUBHLT
=
=
];a: g
97060 i R T
The calculation=of the
nically similar.

999900

F&QQO&%
FDDDDDD}

correctionso

However, in the caseof

correctiondo

aak) aak)
2

D
g TEGG0 P
9 7G0T

PR

P3

9 G606EG t
%
s
g 000000 t
Pe 1
and

laritiesarisingin the reductionof pentagoriensorintegrals.

aretech-

therearenew challengese.g.,spurioussingu-
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NLO QCD totalinclusive crosssectionto

with the partonlevel crosssections

— with

UV divergences:renormalizedn dimensiondy suitablesetof
countertermgmodi®ed schemepn-shellsubtractiorfor top)

IR divergences:regularizedin dimensions softandcollinear
singularitiesappeaaspolesin — -. IR singularitiesarecompletelycanceled
by correspondindR polesin

IR divergencesextractedby suitablecutson gluonphasespacgphasespace
slicing): two andonecut-off PSSmethodusingcrossingsymmetryandcolor
orderedamplitudes. Remaininginitial-stateIR singularitiesare absorbedn

PDFs(masdfactorization).
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Main Result

Drasticallyreducedscaledependencef thetotal inclusive productioncross

sections:
attheLHC
1400 T T T T T T 1 T T 1400
1200 | C)5:14 TeV 1200 _ OS:14 TeV
M, =120 GeV - M,=120 GeV
1000 b m=m+M,/2 1000 T m=m:+M,/2
_ S CTEQS5 PDF's 800 - total CTEQSPDF's
£ AN ) /\
q 800 | AN \-c/) 600 r ag o o .
o S Zz -_ //// T T ———_
2 soo | e » 400 [~
g T~ 200 T Qa
400 | LO T~ - U
Snio \\\\\_ 0r T
200 1 1 1 1 1 1 1 1 1 Il 200 1 1 1 1 1 1 1 Il Il
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582.92(6) 719(4) from S.Dawvson,L.H.Orr, L.Reina,DW, PRD67 (2003),
520.47(6) 697(3) S.Dawson,C.Jacksonl..H.Orr, L.Reina,DW, PRD68 (2003)
450.09(5) 663(3) seealsoW.Beenakkretal., PRL87(2001),NPB 653 (2003)
405.54(4) 634(2)
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At NLO QCDthedependencenthearbitraryfactorization/renormalization
scaleis stronglyreduced.

The residualtheoreticaluncertaintyfrom variationis estimatedo

beabout (Tevatron)and (LHC).
At the Tevatronthe correctionsslightly reduce for
( ).
At the LHC the correctionsslightly enhance for
( ).

Possiblamprovement:Resummatiomf largelogarithmiccorrections
atthe  threshold.
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11.3. productionin the Minimal Supersymmetri&M

at and collidersis dominatedby the initiatedprocess.

Thecalculationof the correctiondo IS technicallysimilarto
production.We asimply°replace by

However, therearedifferences:

We considerboth the schemeandthe  schemewhenrenormalizing
the quarkmassn the Yukawacoupling:
with beingthe polemass
— with — beingtherunningmass Possiblam-

provementof perturpatve calculationby resummindargelogarithmic contri-
butionstothe  vertex.

The contribution from the closedtop quarkloopsis included,e.g.:
9 GEOTTE0SI00<_ t_) 9~ e h 9500 b
= b %
E 66%3’ % VO0P<
- b
g GEEEETT g¢ ¢ < . g U6 b
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The processeareclassi®edaccordingo how mary quarksareidenti®ed:
2 quarkstagged,l quarktaggedandthefully inclusve case.

In the2(1) -tagcasewe requiretwo(one)high guarkjetsin the®nal state:

GeV and Tevatron(LHC)

Moreover, we considerthe radiatedgluon andthe quarksasdistinct particles
only if

v

Otherwisetheir 4-momentunvectorsarecombinedinto an effective momen-
tum vector
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Exclusve Higgsproductionathadroncolliders

Requiringtwo high quarkjetsin the ®nal statereduceghe signal, but
alsogreatlyreduceghebackground.

Unambiguouslyproportionalto the quarkYukawvacoupling.

Status:

Two independentalculationdasedn atNLO QCDDby S.Dittmaier
M.Kr&mer M.Spira (hep-ph/0309204and S.Dawvson, C.Jacksonl..Reina, D.W.
(PRD69(2004)).They arein goodagreement.
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dependenca the MSSM

atthe LHC atthe Tevatron
10° | ) 10° | .
. C5=14 TeV mEm,+M /2 &s=2 TeV
107 ¢ . p, >20 GeV 10° P, >20 GeV
10" [ .« o lhj<25 1 T e |h|<2
100 | . - mEm, +M, /2 107
Q ~
a10" £
Q,n2 o) 10
Z 100 ¢ s ® @ MSSM,tanb=10
10% [ 10° ®--—@ MSSM,tanb=20
- e&—eSM ® — -@ MSSM,tanb=40
10° [ @ @MSSM,tanb=10
. | ®-—®MSSM,tanb=20 10"
100 + e — - MSSM,tanb=40
10° L— e 10° - ' - ' -
0 200 400 600 800 100 110 120 130
M, (GeV) M,° (GeV)

from S.Dawvson,C.Jacksonl..Reina,D.W., PRD 69 (2004)

To agoodapproximatiorthe MSSM resultcanbe obtainedfrom the SM resultas

-
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Main Result

Drasticallyreducedscaledependencef the NLO QCD crosssections:

atthe Tevatron attheLHC
0.6 T T T T
. 0.08 : : . .
=2 TeV —— Syoo0s (s=14 TeV S
M,=120 GeV = Suoms | [ M =120 GeV o e
— ' NLO,MS
N m=m,+M,/2 ~ 77" Sioos 0.06 —\\\ m=m,+M,/2 ~~~" S, 50s .
\ o il
04 + \\\ Sioms T \\\ ~ 7" Siowms
~ b — ~
2 N p; >20 GeV 9 | Y p,’>20 GeV
o) N ~s |h|<2 = 004} . ~_
= N ~_ o N S |h|<2.5
9— \\\\ \\\\ é’ \\\ \\\\
»n 0.2 \\\\ =__ 8 o ~ . ——_
e 002+ o T~
O 1 1 1 1 O 1 1 1 1
0.3 05 0.7 1 2 4 0.2 0.5 1 2 4 8
mim mm,

from S.Dawvson,C.Jacksonl..Reina,D.W., PRD 69 (2004)

seealsoS.Dittmaieretal., hep-ph/0309204ndJ.Campbelketal. in LesHouche2003proceedingshep-ph/0405302
theresidualtheoreticaluncertaintyis estimatedo be about from

dependencandabout dueto renormalizatiorschemalependence.
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Inclusive andsemi-inclusve  Higgsproductionat hadroncolliders

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

Status:Thereexisttwo approachesjubbedvariable(or ve) avor numberscheme
(VFS) and xed (or four) avor numbersdheme(FFS):

FFSapproach
Fixedordet explicit matrix elementalculationbasednthe partonlevel pro-

cesses

Inclusive (no tagged)andsemi-inclusve (1 tagged):known atNLO QCD

Two independentalculationdy

S.Dittmaier M.Kr&mer M.SpiraandS.Dawvson,C.Jacksonl..Reina,D.W.
Thesetwo calculationsarein goodagreement.
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VFS approach

Useof quarkPDFsto sumto all orderslarge logs, (
), which arisedueto initial-state splitting.

Inclusive (no tagged):known atNNLO QCD

guarkfusion, , Istheleadingordersubprocessf
and and areidenti®edasNLO contrikutions
to of and , respectrely.
D.Dicus,F.Maltoni, T.StelzeyZ.Sullivan,S.Wllenbrock

b

b——7----- h b ~ h
“““ h }—4\

b 9 oo d—— b 9 b

Inclusive productionhasbeencalculatedat NNLO

QCD by R.HarlanderW.Kilgore.
Semi-inclusve (1 -tagged):known atNLO QCD
IS the leadingorder subproces®sf and

are identi®ed as NLO contributions of
J.CampbellR.K.Ellis, F.Maltoni, S.\llenbrock
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dependence 1 tagged

Comparisorwith quarkPDFapproachoy J.CampbellR.K.Ellis, F.Maltoni,and

S.Wllenbrock:
10 . - 1000 ¢ . . . . . ,
(5=1.96 TeV f f Gs=14 TeV
m=m_+M, /2 m=m,_+M,/2
1b tag 100 1btag ]
g g
ot 1 9
» ”
10 ¢ ]
— qg+gg > bbh [ —— qqg+gg > bbh
—— bg >bh | — bg >Dbh
L 1 L 1 L 1 L 1 ) 1 " 1 . 1 1 .
100 120 140 160 180 200 100 200 300 400 500
M, (GeV)

M, (GeV)

. from S.Davson,C.Jacksonl..Reina,D.W., hep-ph/040807 &eealsoS.Dittmaieret al., hep-ph/0309204
. from J.Campbelketal. in LesHouche2003procs.(hep-ph/0405302)
andclosedtop quarkloop addedo MCFM (J.Campbelktal., PRD67095002(2003))
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from R.HarlanderW.Kilgore, Phys.Re.. D68 (2003)013001
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Effectof NLO QCD correction®ontheHiggs  distribution:

from S.Dawvson,C.Jacksonl..Reina,D.W., hep-ph/0408077
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V. Summary

As adirectconsequencef massgenerationn the SM (Higgs-Kibble
mechanismjhe SM predictsthe existenceof a (fundamentalmassve
scalarparticle,theHiggsboson.

TheHiggsbosonsofar eludeddirectobsenration. The searchor the
Higgsbosonin the SM (andits supersymmetriextensions)s oneof
themajortasksatthe Tevatron andLHC  collider.

Both and productionwill play animportantrole in the dis-
covery (andcon rmation) of the Higgs bosonat the Tevatronandthe
LHC.

If the SM Higgsbosonexists, it cannotescapealetectionatthe LHC.

If no Higgsbosonis found,we expectto nd signalsof new physics,
l.e. beyondthe StandaraModel.

Staytuned
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Main Result

Drasticallyreducedscaledependencef thetotal inclusive productioncross

sections:
atthe Tevatron
6.5 . - Sio i (fb) (fb)
\\ SNLO
\ 6.866(1) 4.86(3)
AN
N 5.909(1) 4.85(2)
= 55 F AN ]
) . 4.879(1) 4.69(2)
O N
2 - 4.255(1) 4.51(2)
0w - —
45 - ~~__ 1 fromL.Reina,S.Davson,DW, PRD65 (2002),
ﬁffzge(;/ev L.Reina,S.Davson,PRL 87 (2001)
35 . . . : : . seealsoW.Beenakkretal., PRL87(2001),NPB 653(2003)
150 250 350 450
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More results
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Effectof NLO QCD correctionson the Higgs

distribution:

e

from S.Dawvson,C.Jacksonl..Reina,D.W., PRD 69 (2004)
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Effectof NLO QCD correction®ontheHiggs  distribution:

from S.Dawson,C.Jacksonl..Reina,D.W., hep-ph/0408077
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Main Result

Drasticallyreducedscaledependencef the

NLO QCD crosssectionst 1 tagged:

8.0
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from S.Dawvson,C.Jacksonl..Reina,D.W., hep-ph/0408077

seealsoS.Dittmaieretal., hep-ph/0309204ndJ.Campbelktal. in LesHouche2003proceedingshep-ph/0405302
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Main Result

Drasticallyreducedscaledependencef the
NLO QCD crosssectionst no tagged:

from S.Dawvson,C.Jacksonl..Reina,D.W., hep-ph/0408077
seealsoS.Dittmaieretal., hep-ph/0309204ndJ.Campbelktal. in LesHouche2003proceedingshep-ph/0405302
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