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SummaryofDIS2003inSt.Petersburg:PartIV

ChristianSchwanenberger
DESY,Germany

DESYSeminar,May20,2003

Outline

•HadronicFinalStates:37+2talks

testsofperturbativeQCD

–pp̄collisions(TeVatron)

–γγcollisions(LEP)

–γpcollisions(HERA)

–epcollisions(HERA)

•ElectroweakandPhysicsBeyondtheSM:

21+2talks

–precisiontestsofSM

–searchesfornewphysics

–unexpectedevents

⇒selectedtopics:analyseswheresomethingisnewwith

respecttosummerconferencesof2002
Christian.Schwanenberger@desy.deDESYSeminar,20.5.2003
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HadronicFinalStates:e.g.epScattering
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NLOQCDandαS
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pp̄Collisions:InclusiveJetCrossSection
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CDF Run II Preliminary

Integrated L = 85 pb
-1

0.1 < |ηDet| < 0.7

JetClu Cone R = 0.7

Run II Data

NLO pQCD (CTEQ 6.1)
+/- 5% Energy Scale Uncertainty

NLO:Ellis,Soper

talkbyA.Bhatti

RunII:
√

s=1.96TeV(insteadof1.8TeVatRunI)

⇒transverseenergyupto550GeV(insteadof400GeV)

⇒goodagreementwithNLOQCD
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γpCollisions:InclusiveJetCrossSection
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⇒precisetestofNLOQCD:

6ordersofmagnitude

⇒αs(MZ)=0.1224±0.0001(stat.)

+0.0022
−0.0019(exp.)

+0.0054
−0.0042(th.)

NLO:Frixione,RidolfiNLO:Klasen,Kleinwort,Kramer
talksbyB.Andrieu,J.Terrón
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epCollisions:InclusiveJetCrossSectioninNC
DIS

ZEUS
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•kinematicalrange:

Q
2

>125GeV
2

−0.7<cosγ<0.5

•jetsinBreitframe:

E
B

T,jet>8GeV

−2<η
B

jet<1.8

•extractionofαsforQ
2

>500GeV
2
:

αs(MZ)=0.1212±0.0017(stat.)

+0.0023
−0.0031(syst.)

+0.0028
−0.0027(th.)

NLO:Catani,Seymour

talksbyA.Specka,J.Terrón

⇒veryprecisedeterminationofαs(MZ)
Christian.Schwanenberger@desy.deDESYSeminar,20.5.2003
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PrecisionTests:MeasurementofαS

theoretical uncertainty

experimental
uncertainty

 World average
 (S. Bethke, hep-ex/0211012)

 Dijet cross sections in DIS  ZEUS
 (Phys Lett B 507 (2001) 70)

 Inclusive jet cross sections in DIS  ZEUS
 (Phys Lett B 547 (2002) 164)

 Inclusive jet cross sections in DIS  H1
 (Eur Phys J C 19 (2001) 289)

 NLO QCD fit  ZEUS
 (Phys Rev D 67 (2003) 012007)

 NLO QCD fit  H1
 (Eur Phys J C 21 (2001) 33)

 Jet shapes in DIS  ZEUS (prel.)
 (Contributed paper to IECHEP01)

 Subjet multiplicity in DIS  ZEUS
 (Phys Lett B 558 (2003) 41)

 Inclusive jet cross sections in γp  ZEUS
 (hep-ex/0212064)

0.10.120.14
αs(MZ)

αs(MZ)
0.110.1150.120.1250.13

Indirect (L
E

P)
D

irect (E
S, L

E
P 1&

2)

EW fit (5 Param. to LEP data)
σ0

lept

Γhad/Γlept
Rτ

4-jets     O(αs
3)

3-jet like O(αs
2)+PC

3-jet like O(αs
2)+Models

3-jet like NLLA

3-jet like NLLA+O(αs
2) log(R)

PDG 20020.1172±0.0020

Daniel Wicke (4.2003) ⇒

⇒

talkbyJ.Terrón

⇒HERAprecisioniscompetitivetoLEP

⇒theoreticaluncertainties(beyondNLOterms)
dominateaccuracy

Christian.Schwanenberger@desy.deDESYSeminar,20.5.2003



8

ColorReconnection
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γγCollisions:Di-JetCrossSection

direct
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∑

jet1,2
E±pz

∑

hadrons
E±pz
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talkbyK.Krüger
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Di-JetCrossSectionvs.xγ
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↘
singleresolved:

NLOdescribes
datawell

↙
doubleresolved:noMIAincludedinNLO

NLO:Klasen,Klein-

wort,Kramer;Pötter
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PromptPhotonProductionatHERA
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PSfragreplacements

directresolved

•inprinciple,moredirectaccesstohardprocess

•goodtestinggroundforQCDandformeasurementofPDFs

talkbyR.Lemrani
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PromptPhoton+JetCrossSection
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•correctionofNLOformultipleinteractionsappliedbyPYTHIA:

⇒improvesdescriptionatlargeη
γ

•substantialandnegativeNLOcorrectonsatη
jet

<0

⇒NLOdescribesdatawithinerrors

NLO:Fontannaz,Guillet,Heinrich
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NewStep:PromptPhoton+JetCrossSectionin
DIS
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)

⇒reasonablenormalisationwithinlargeerrorsofNLO
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PartonVirtuality
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Di-JetProductioninDIS:AzimuthalCorrelations

γ∗
Jet

Jet κ
2

∆φ*,

Q
2

T E*∆φ∗<α π Jet

Jet

“non-back-to-back”jets
rateofdi-jeteventsseparatedbyanaz-

imuthalangle(much)smallerthanπ

S(x,Q
2
,∆Φ∗)=

∫απ

0w(x,Q
2
,∆Φ

∗
)

∫π

0w(x,Q2,∆Φ
∗
)

⇒canbecausedbypartonvirtualityorNLO

talkbyR.Pöschl
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Di-JetsatLowx:Resultsfor∆Φ∗<120
o
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•datarisetowardslowx:

increasingpartonvirtualitydue

tolongerpartonladder?

•NLOawayfromdata:

⇒virtualityofincomingparton

cannotbeneglected?

•LOMCsmodelhigherorderef-

fectsthroughpartoncascades:

⇒give(atleast)rightorderof

magnitude
NLO:Catani,Seymour
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ElectroweakPhysics

MeasurementPull(O
meas

−O
fit
)/σ

meas

-3-2-10123

-3-2-10123

∆αhad(mZ) ∆α
(5)

0.02761 ± 0.00036 -0.16

mZ [GeV] mZ [GeV]91.1875 ± 0.0021  0.02

ΓZ [GeV] ΓZ [GeV]2.4952 ± 0.0023 -0.36

σhad [nb] σ
0

41.540 ± 0.037  1.67

Rl Rl20.767 ± 0.025  1.01

Afb A
0,l

0.01714 ± 0.00095  0.79

Al(Pτ) Al(Pτ)0.1465 ± 0.0032 -0.42

Rb Rb0.21644 ± 0.00065  0.99

Rc Rc0.1718 ± 0.0031 -0.15

Afb A
0,b

0.0995 ± 0.0017 -2.43

Afb A
0,c

0.0713 ± 0.0036 -0.78

Ab Ab0.922 ± 0.020 -0.64

Ac Ac0.670 ± 0.026  0.07

Al(SLD) Al(SLD)0.1513 ± 0.0021  1.67

sin
2
θeff sin

2
θ

lept
(Qfb)0.2324 ± 0.0012  0.82

mW [GeV] mW [GeV]80.426 ± 0.034  1.17

ΓW [GeV] ΓW [GeV]2.139 ± 0.069  0.67

mt [GeV] mt [GeV]174.3 ± 5.1  0.05

sin
2
θW(νN) sin

2
θW(νN)0.2277 ± 0.0016  2.94

QW(Cs) QW(Cs)-72.83 ± 0.49  0.12

Winter 2003

⇒maximumdeviation:2.94σ!
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⇒foreachobservablefitonMHiggs

talksbyA.Mehta,J.Wilson
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Leptoquarks

extensionofSM:coupletoleptonsandquarks,carryB,L6=0

e
s−channel
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e
u−channel
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qiqj

qiqj

λ

λ

LQ
λλ
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1ijk

1j

ki

direct search: resonance peak
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   ZEUS 94-00 e
+
p→ e

+
X
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   ZEUS 94-00 e

+
p (cosθ

*
 < 0.4)

SM (cosθ
*
 < 0.4)

Mej (GeV)

E
vents

⇒nodeviationfromSM

productionatHERA:σ
prod
ep=f(MLQ,λ)

Buchmüller-Rückl-Wyler(BRW)“minimal”model:

•7scalarand7vectorleptoquarkswithfermionnumber:

F=−(3B+L)=0or2

talksbyG.Barbagli,J.Scheins
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Leptoquarks—BRWModel
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LEP
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EXCLUDEDL3 indir. limit
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ZEUS limit

H1 direct limit
(e

-
 p)

D0 limit

⇒improvedlimitfor200<MLQ<300GeV
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Rp /SquarkProduction

Rp/:productionofsingleSUSYparticlespossible,

candecayintoSMparticles

Rp=1:SMparticles
Rp=−1:SUSYparticles

–

~

~

–

Rp/decays

•e
+

+jet

•ν+jet⇒
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•e
+

+multi-jets
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+multi-jets

•ν+multi-jets⇒
•e+l+multi-jets

•ν+l+multi-jets

Searches for squarks in RP viol. SUSY: νMJ channel
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events
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●

data

MC DIS + γp
(with uncertainty)

⇒noevidenceforsquarkproduction
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LimitsinRp /UnconstrainedMSSM
↘

•sfermionmassesarefree

t̃production:

Searches for squarks in RP viol. SUSY
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Unconstrained MSSM, j=3

tan β = 2
-300 < µ < 300 GeV
70 < M2 < 350 GeV

MLSP > 30 GeV imposed

H1 preliminary

EXCLUDED

EXCLUDED IN PART OF

PARAM. SPACE

e
+ 

 + d → t
∼

 (APV)

Msquark (GeV)

λ
, 131

M˜̀i=90GeV

⇒scaninSUSYparameterspace:

(M2,µ),tanβ

M2:softSUSYbreakingmassterm

µ:mixingmasstermfor2Higgsdoublets

tanβ:ratioofthevev’softhe2neutralscalar

Higgsfields

⇒limitswidelyparameterinde-

pendent

⇒massesupto270GeVruled

outforλ
′
=0.3

+

strongest
↙

weakest
↗

talkbyE.Perez
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LimitsinRp /MinimalSUperGRAvity

electroweaksymmetrybreakingdrivenbyradiativecorrections

Searches for squarks in RP viol. SUSY
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D0 limit

λ′=0.3

⇒only5parameters:

tanβ,signofµ

m0:commonscalarmass

m1/2:commongauginomass

A0:commontrilinearcoupling

atGUTscale

ũ,c̃production:

⇒HERAsensitivityfollowssquark

massisocurve

⇒massesupto275GeVruledoutfor

λ
′
=0.3

⇒LEPverysensitive:HERAcompet-

itiveforintermediatevaluesofm0
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HighpTLeptonEventsatHERA

��������

EventMUON-2

�	�
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H1

+ PTmiss•isolatedlepton

•highhadronicpT

•missingcalorimeterpT

StandardModel:

dominatedbyWproduction

e
γ

ν
W

X

q

l

e

talkbyG.Frising
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HighpTLeptonEventsatHERA

Taucandidate

T
PT tau candidate, p =39 GeV

P
CAL
T=39GeVP

X
T=37GeVMT=68GeV

τjet:collimated“pencillike”

•isolatedlepton

•highhadronicpT

•missingcalorimeterpT

StandardModel:

dominatedbyWproduction

e
γ

ν
W

X

q

l

e

talkbyD.Lelas

Christian.Schwanenberger@desy.deDESYSeminar,20.5.2003



25 ExcessforIsolatedLeptonEvents
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SUMMARY:

NLO:Diener,Spira,

Schwanenberger

DATA/SM(incl.NLO)H1:e+µZEUS:e+µZEUSpreliminary:τ

overall18/12.4±1.736/32.6±3.83/0.23±0.06

PX
T>25GeV10/2.9±0.57/5.7±0.62/0.12±0.02

PX
T>40GeV6/1.1±0.20/1.9±0.21/0.06±0.01

⇒waitfornewdataatHERAII
Christian.Schwanenberger@desy.deDESYSeminar,20.5.2003



26 Anomalous(FCNC)SingleTopProduction

possible“explanation”forexcessofeventswithisolatedleptons,

p
miss
tandlargehadronicpt
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exclusion region
(hep-ex/0302010) MTOP = 170 GeV

MTOP = 175 GeV
MTOP = 180 GeV

Excluded by CDF
(Phys Rev Lett 80 (1998) 2525)

Excluded by H1 (prel.)
(Contributed paper to ICHEP02)

Excluded by L3
(Phys Lett B 549 (2002) 290)
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talksbyD.Dannheim,A.Schöning

Christian.Schwanenberger@desy.deDESYSeminar,20.5.2003



27

Summary

HadronicFinalStates

•lotsofexcellentnewmeasurements

–NLOQCDgenerallyworkingwell

–datanotunderstood:e.g.lowx

–inmanyareas:accuracylimitedby

theoreticalerror

⇒furtherprogressisneeded

PhysicsBeyondtheSM

•widesearchprogram

–LEP1/2,TeVatronRunIand

HERAIresults

–TeVatronpreliminaryRunII

–HERAIIresultstocome

⇒noclearsignalyet

⇒interestingeventclasses:

needconfirmationathighluminosityat

TeVatronandHERA

•sorrytoallwhoseresultswerenotshown

•thankstotheorganizersofDIS2003!

Christian.Schwanenberger@desy.deDESYSeminar,20.5.2003


