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WhatisTheoreticalHighEnergyPhysics?

Someguidenceisprovidedbytheclassificationofthe‘archive’:

•hep-ph(‘phenomenology’)

A.Gaugetheoriesandcolliderphysics:processesatHERA,Tevatron,LHC,ILC;

radiativecorrections(electroweak,SUSY),precisiontests,QCD,B-physics,...

[HH:Ali,Diehl,Kilian,Schrempp,Zerwas;Z:Blümlein,Moch,Riemann]

B.BeyondtheSM,ParticleCosmologyandAstroparticlePhysics:neutrinophysics,

grandunification,protondecay,highenergycosmicrays,modelbuilding,extra

dimensions,leptogenesis,...

[HH:Buchmüller,Covi,Hamaguchi,Ringwald]

•hep-lat(latticegaugetheories)

[Z:Simma,Sommer;NIC:Jansen,Schierholz]

•hep-th(‘theory’)

[HH:Schomerus,Teschner]

TheDESYtheorygroupalwaystriedtocovertherangefrom‘phenonomenology’to

‘theory’initsactivities;inthefollowingthehep-phactivitieswillbeillustratedwith

somerepresentativeexamples,withemphasisonstaffmembers;therearealsoimportant

publicationsbypostdocsandstudents.
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Deep-InelasticScatteringatHERA:unpolarizedandpolarized
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•Partondistributionswithcorrelatederrors

(@2and3loops)

•Precisioncalculationsofanomalousdimensionsand

Wilsoncoefficientsto3loops

•Precisiondeterminationofαs(1%uncertainty)

inclosecollaborationwithH1,ZEUS,HERMES

•DetailedcomparisonswithLatticeresults-0.4
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[Blümlein,Moch]2



HERAandLHC:Instantons(I)

Basicnon-perturbativeaspectofQCD,yetdirectexpt’levidencelacking.
Characteristic,I-inducedprocesses,calculablewithinI-perturbationtheory.

•Hardscatteringregime



















HERA[Moch,Ringwald&Schrempp]

⇒2dedicatedI-searchexpts.(H1,ZEUS)

LHC[Petermann&Schrempp],inprogress

⇒studyofI-discoverypotential

•GluonsaturationatsmallxBj[αs(Q
2
)stillsmall]

Expect:manynon-perturbativegluons;multiplicity〈ng〉∝
1
αs;

strongclassicalfields∝
1 √α
s⇒Instantons!?[Schrempp&Utermann]

Instanton-driven
Saturation

}

⇒

{

ColorGlassCondensate⇔QCDSphaleronstate

Saturationscale⇔I-size〈ρ〉≈0.5fm(lattice)
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ExclusiveProcessesatHERA

theoreticalframeworkforanalysis:GeneralizedPartonDistributions

accessibleinvectormesonproduction,virtualComptonscattering,harddiffraction
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MRT (H1 2000) × 2.82
MRT (MRST99) × 1.33
MRT (ZEUS-S) × 1.46
MRT (CTEQ6M) × 2.17
MRT (MRST02) × 2.85

•extendQCDfactorizationto

exclusivefinalstates

•informationonprotonstructure:

-spatialdistributionofpartons

-orbitalangularmomentum

carriedbyquarks

-strongsensitivitytogluon

distribution

•variousmeasurementsbyH1,

ZEUS,HERMES

H1andZEUSdataonJ/ψproduction(theory:T.Teubner,DIS’05)

strongsensitivitytogeneralizedgluondistribution

[Diehl]4



FlavourPhysics:RaredecaysandCPviolation

Experimentvs.SM(b→dγ):TestofCKMunitarity,determinationof|Vtd/Vts|
TheoreticalPredictions:

B̄[B→(ρ,ω)γ]=(1.38±0.42)×10
−6

R[(ρ,ω)/K
∗
]≡

B̄[B→(ρ,ω)γ]

B̄[B→K∗γ]
=0.033±0.010

BELLE
B̄exp[B→(ρ,ω)γ]=(1.34

+0.34
−0.31(stat)

+0.14
−0.10(syst))×10

−6

[Ali,Lunghi,Parkhomenko]5



ElectroweakPrecisionPredictionsforLHCandILC

♣ThemtoppredictionforTevatron

♣ThemHiggspredictionfortheLHC

Seethe”blue-band-plot”

madewithZFITTER(1985–2005)

7/2005:nowwithlatestweak2-loops

inclosecollaborationwithexperimentalists:

ZFITTERSupportGroup

http://www-zeuthen.desy.de/theory/research
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♣10−4
luminositymeasurementatILC

ispossiblewithsmallangleBhabha

scattering

→needforthis:

massive2-loopcorrs.toBhabhascattering

InordertocomplementtheBhabhaMonte

Carlos

Firstsystematicevaluationofmasterintegralsfor

massive2-loopboxdiagrams

Non-trivialtechniques:

–Solvesystemsofdifferentialequations

–Useofn-dim.complexMellin-Barnes

representations
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[Riemann]6



[Jegerlehner]7



HiggsandSUSYatLHC

•ManyproductionchannelsofHiggsbosonsandSUSYparticlesbasedongluon-gluon

fusion→largeQCDradiativecorrections

•Higgsbosons:SMandSUSY;pp→HandttH,etc;NLO/LO:crosssectionnearly

doubled

•SUSYparticles:pp→q̃q̃,g̃g̃etc;crosssectionnearlydoubled,predictionstabilized

[Plehn,Spira,Zerwas]8



PredictionsfortheLHC:intheStandardModelandBeyond
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•HiggsProduction:QCDcorrectionstototalcrosssectionat3loops

•FastMellin-basedevolutioncodesforQCDmatrixelementsforinclusiveLHCprocesses

•TransferofDIShigherordertechnologytoLHCphysics

•Calculationoftime-likeprocesseswithdifferentmassscales

•ExtensiontophysicsbeyondtheStandardModel

[Blümlein,Moch]9



HiggsandSUSYatLHC/ILC
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•HiggsatILC:spin-parityandtrilinearcoupling,importantforreconstructionofHiggs

potential

•SUSYatLHC/ILC:sparticlemasses/couplings,extrapolationtoGUT/Planckscale

•ReconstructionoffundamentalSUSYtheory;identificationofmechanismfor

supersymmetrybreaking

[Kilian,Mühlleitner;Blair,Porod;Zerwas]10



SplitSupersymmetryatLHC/ILC

Allscalars(exceptHiggs)superheavy=noflavorproblem,butfine-tuning

Fine-tuningresolvedbystring-theoryvacuummultiplicity?
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•GluinopairsatLHC:

heavystablehadrons

•Charginos/neutralinos

atLHCandILC

•Higgsboson

withm>130GeV

Establishhigh-scalesupersymmetry:measurechargino/neutralinoparametersatILC
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⇒ILC:AnomalousYukawacouplingscanbemeasuredwithsufficientprecision(<10%)

[Kilian,Plehn,Richardson,Schmidt]11
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MathematicalChallengesandComputerAlgebra

Thesolutionofmulti-loopproblemsasneededbyLHC,GigaZ,ILCfaces

uswithserioustechnologychallenges.

Feynmandiagramsarenolongersolvedbyconventionaltechnology:Gbytesofintegrals

Needof:

•Mathematicsofharmonicsumsetc.

•Algorithmicsolutionsofcomplexproblemslikesummationofnestedseries;XSummer

programinForm

•multi-dimensionalMellin-Barnesintegrals–Maple,Mathematica

•Gröbnerbases

Need:Developmentofinnovativeproblem-solvers:

→incooperationwithmathematicians

→usinghigh-performancePCclustersandefficientcomputeralgebrasystems

[Blümlein,Moch,Riemann]12

http://www-zeuthen.desy.de/~moch/xsummer
http://www.nikhef.nl/~form


NeutrinoMassesandBaryonAsymmetry
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•Leptogenesis:leading(?)

theoryfororiginofmatter

(Fukugita,Yanagida;DESY

‘86).

•Non-equilibriumprocess:

quantitativerelationbetween

neutrinomassesandbaryon

asymmetry(CPasymmetry

ε1,efficiencyfactorκf):

ηB'0.01ε1κf.

Implications:lightneutrinomasswindow,10−3
eV<mνi<0.1eV,canbetested

inlaboratoryexperimentsandcosmology;lowerboundontheheavyneutrinomassand

maximaltemperatureoftheearlyuniverse,TB∼M1>10
9

GeV→important

implicationsfordarkmatter.

[WB,DiBari,Plümacher]13



ReconstructionofHeavyνRMassScaleattheILC

Thereconstructionoftheheavyneutrinomassscaleisatheoretical/experimentalchallenge!

Forsupersymmetrictheoriesthismaybepossibleinsomeregionsofparameterspace.
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6708109:.5 .7;<8.=>27 .8.53>Themassdifferencesbetween

scalartau-leptonsandselectrons

dependontheseesawscalein

supergravitySO(10)models.For

lightSUSYmasspatterns,the

massdifferencescanbeaccurately

determinedatILC.

ComparedwiththeSO(10)models,indirectevidencefortheexpectedheavyneutrinomass

scalecanbeobtained.

[Freitas,Porod,Zerwas]14



DiscoveringtheGravitinoattheLHC/ILC
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•ThelargetemperaturerequiredbyleptogenesisfavoursagravitinoLSPwhichcanbe

thedominantcomponentofdarkmatter.

•Foralargerangeofparametersaquasi-stablescalar-tauistheNLSP;itslifetimeyields

amicroscopicdeterminationNewton’sconstant.

•Fromthe3-bodydecayτ̃→τ+G̃+γonecandeterminethegravitinospin,s=3/2,

(‘Gedankenexperiment’).

[Brandenburg,Covi,Hamaguchi,Roskowski,Steffen]15



ExtremelyEnergeticCosmicNeutrinos

Manyobservatoriesrunning(AMANDA,...)orunderconstruction(IceCube,...)

Alreadynowstringentconstraintsonhighenergyneutrinofluxwithsignificantdiscovery

potentialinthenextdecade;strongimpactonastrophysics,particlephysicsandcosmology

•astrophysics:

processesassociatedwith

accelerationofcosmicrays

•particlephysics:

σνNfarbeyondthereach

ofHERAandLHC;study

beyondSMcontributions

•cosmology:

bigbangrelics(topological

defects,relicneutrinos,...)

[Ahlers,Ringwald,Weiler,Wong]16



Summaryofthehep-phactivities:

•BroadresearchactivitiesrelatedtothecollidersHERA,

LHC/ILC,QCD,electroweaktheoryandB-physics,Higgs

andSUSYwithimplicationsforcosmology

•Sophisticated‘tools’havebeen/arebeingdevelopedwhich

willbecrucialforthephysicsanalysisatLHC/ILC

•ResearchinAstroparticlePhysicsiscloselyrelatedto

AMANDA/IceCube

•PhysicsbeyondtheSM(neutrinos,supersymmetry,GUTs...)

triestobridgethegapbetweentheSMandstringtheory

•ParticleCosmologyisfocussedonapplicationsofparticle

physicstothephysicsoftheearlyuniverse,withimplications

forcolliderphysics

17



GeneralStrategy

•closeconnectionwithexperimentalprogram:HERA,

LHC/ILC,IceCube

•centerfortheoreticalparticlephysicsinGermanyandbeyond

majorchangesinrecentpastreflectdevelopmentofparticlephysicsand

changesat(German)universities:

•Zeuthen:expansionofastroparticlephysics(exp),support

forstrongQCDlatticegroup(NIC)

•Hamburg:latticegroupends,stringgroupstarts;more

activityinparticlecosmology(VirtualInstitute)

HGFEvaluationin2003:‘Thebuilding-up/strengtheningofgroupsin
‘StringTheory’and‘ParticleCosmology’isstronglysupported’

18



AdditionalfundingfromHGF,DFG,EU,...

•HGF-NachwuchsgruppeVH-NG-004:QCDinexklusivenProzessenbeiHERA

•HGF-NachwuchsgruppeVH-NG-005:UniverselleEreignisgeneratorenfürzukünftige

Lepton-Collider

•HGF-NachwuchsgruppeVH-NG-006:Particlephysicsandcosmology:beyondthetwo

standardmodels

•HGF-NachwuchsgruppeVH-NG-105:Computeralgebraandhigherordersinparticle

theory

•HGF-VirtuellesInstitutVH-VI-106:ParticleCosmology(VIPAC,coordinationDESY)

•HGF-VirtuellesInstitutVH-VI-032:HochenergiestrahlungenausdemKosmos

(VIHKOS)

•HELEN:HighEnergyPhysicsLatinamerican-EuropeanNetwork(CoordinationDESY:

F.Schrempp)

•EuropeanNetworkforTheoreticalAstroparticlePhysicsENTApP

•SFBTransregio-9:ComputationalParticlePhysics(Karlsruhe,Berlin,Aachen,

Zeuthen/NIC)

•SFB:Particles,StringsandtheEarlyUniverse(positivepre-evaluation;evaluationof

fullapplicationJanuary2006;coordinationHamburgUniversity)

19



Collaborationwith(German)Universities

cornerstoneofthescientificlifeatDESY,includes:

•theclosecollaborationwiththeUniversitiesinBerlin,PotsdamandHamburg

•frequentjointworkshopsoncolliderphysics(HERA,LHCandILC)

•thenewCenterforMathematicalPhysicswiththeII.InstituteofTheoreticalPhysics

andDepartmentofMathematics(Hamburg)

•VirtualInstituteonParticleCosmologywithUniv.Bonn,Heidelberg,Munich

•HGF-NachwuchsgruppenwithUniv.Karlsruhe,Padua,Regensburg,Würzburg

•theannualTheoryWorkshopinHamburg,organizedjointlywithGermanuniversities

•theconferenceseriesLoopsandLegsinQFT,organizedbytheZeuthengroup

•theComputer-AlgebraSchool,organizedbyZeuthen/GermanUniversitiesandMPG

•allDESYstaffmemberssupervisegraduatestudents.Duringthepast4years,10

permanentpositionsinparticletheorywerefilledinEuropewithformergraduate

studentsfromHamburg,including6professorshipsatGermanUniversities

thecontinuousflowofexcellentgraduatestudentsfrom(German)
UniversitiesisdecisiveforthescientificlifeandthesuccessoftheDESY
theorygroup...
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