
HERAII:frombackgroundstophysics

DanielPitzl,DESY

DESYWissenschaftlicherAusschuss,27.4.2004

•Luminosityrunning

•Backgroundproblemsovercome

•FirstHERAIIphysicsresults

•Physicsprogramandplanning



Luminosityrunning INTEGRATED   LUMINOSITY (22.04.04)

•In2004HERAdelivered:37.2pb
−1

.
Slopeislikein2000,withmuchlowerduty
cycle–thankstohigherspecificluminosity.

•Peakluminositysofar:3.5·10
31

cm
2
/s

comparedto1.8·10
31

cm
2
/sin2000.

•H1DAQrunning:35.5pb
−1

.
95.5%averageDAQefficiency.

•DAQ·(1-deadtime)32.8pb
−1

.
7.6%averagedeadtimebydesign.

•CJC1,2andCIPfullHV:22.1pb
−1

.
67%averageHVefficiency.
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Luminositydevelopment

HERA Luminosity per long fill
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DP 25/04/2004 00.49.56

•’Long’fillslastatleast5h,and
upto15h.

•Steadyincreaseofthepeaklumi
fromhigherbeamcurrents.

•Bestsofar:785nb
−1

inonefill.

•Goal:1200nb
−1

perdayevery
day!

•Mainchallenge:increaseduty
cyclefrom40%nowto55%like
in2000.
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PastandpresentHVefficiencyvsIefore
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•HVturn-onprocedureand
initialsteeringperiodcause
lossesathighestIe.

•H1andespeciallyZEUS
sufferfromshortbackground
’spikes’,causingHVramp-
down,oftenseveralperhour.

•Stableconditionsarerequired
toprofitfromhighest
luminosity.

•InH1e
−
poperationin

1998/1999wasinefficient
above28mA.
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Overcomingthebackgroundproblem

•Dec2001:backscatteredSynRadfrom
3.6and6.0m.

•Feb2002:openedapertureinABS1,
ABS2.

•May2002:protongasbackgroundin
H1andZEUS,SynRadinZEUS.

•Autumn2002:dedicatedbackground
experimentsandsimulations.

•Sep’02andJan’03:background
reviewswithexternaladvisors.

•epistheworstofallworlds:SynRad
causesbeampipeoutgassing,protons
interactwithlargecrosssection.

•Mar–Jun2003:shutdowntoreduce
backgrounds:

•Increasedpumpingpower,extragetter
pump,betterSynRadshielding.

•Aug–Sep2003:extendedbakeoutat
12GeV:

∫

Iedt≈11Ah.

•Nov4,2003:lastmajorvacuumleak
aroundH1(uncontrolledplossafter
magnetpowersupplyfailure).

•Steadyvacuumandbackground
improvementsincethen.

•Feb2004:H1andZEUSdeclare
thattheycanoperateatdesignbeam
currents!
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H1chambercurrenthistoryOct2003–Feb2004

0.5

0.6
0.7
0.8
0.9

1

2

3

4

5

6
7
8
9

-100-75-50-250255075100

Oct 2003 - Apr 2004
days from 1.1.2004

( C
JC

2 - I0  - SynR
ad of D

ec 2003 ) / ( e-gas + p-gas of F
eb 2004)
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IeIp < 500 mA
2
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IeIp < 1000 mA
2

Oct 2003 - Apr 2004
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2

Oct 2003 - Apr 2004

IeIp > 2000 mA
2

leak

NL

11m

for 5000 mA
2

•Long-termimprovementby
factor≈4withτ≈70
daysaftervacuumleakon
4.11.2003

•ChambercurrentsinFeb2004
allowoperationatdesign
beamcurrents.

•HERAisnolongerbackground
limited!

•Howcanthetimeconstantbe
understood?

•Havewereachedthefinal
level?
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SynchrotronRadiationbackgroundreduction
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•Synchrotronradiation
backgroundintheCJCis
nowafactorof2smallerthanin
2002.

•Maineffectduetobetter
alignmentofH1beampipeand
betterbeamsteering.

•Leadshieldinginbackwardregion
alsocontributes.

•Furtherreductionfactor1.7
possiblebyinstallationofa
coatedabsorber,butrequires
breakofvacuum.
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Chambercurrent

H1 Chamber current vs beam current
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•Long-termagingeffectsseta
limitat200µA.

•Backgroundcontributions
parameterizedasfunctionof
beamcurrents:

•p-gas(dominant)

•e-gas

•Synchrotronradiation

•Safeoperationshouldnowbe
possibleat
Ie·Ip=52·105mA

2
.

D.Pitzl:HERAIIDESYWA27.4.2004.7



Expectedchambercurrente
+
pande

−
p

Projected H1 CJC2 currents
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•BackscatteredSynRad
backgroundintheCJCincreases
by40%duetohigherfluxand
harderspectrum.
CoatingofABS4wouldreduce
byafactor1.7.

•e-gasunchanged,withproper
collimatorsetting.

•p-gasincreasesby15%due
tohigherphotonflux,causing
photodesorption.

•The200µAlimitisreachedat
45·105mA

2
withe

−
p

insteadofat52·105mA
2

with
e
+
p
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Deepinelasticscattering
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Kinematicvariables:

•Q
2

=−q
2

=momentumtransfer

•y=
P·q
P·k=(1+cosΘ

∗
eq)/2=inelasticity

•s=(P+k)
2

=(320GeV)
2

=epcmsenergy

•x=
Q

2

ys=momentumfraction

reconstructedfromeand/orhadronicfinalstate.

Neutralcurrent:

d
2
σ

NC

dxdQ2(e
+
L,R)=

2πα
2

xQ4

[

Y+F
L,R
2−Y−xF

L,R
3−y

2
FL

]

Y+=1+(1−y)
2
,Y−=1−(1−y)

2
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Chargedcurrent:
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Longitudinalpolarization:

P=
NR−NL

NR+NL
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AhighQ
2

chargedcurrenteventinH1
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Positronbeampolarization
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HERA B

H1

HERMES

ZEUS

Laser

Laser

HERA RING

electrons

Spin Rotator (new)

Spin Rotator (new)

Spin
Rotator
(exists)

TPOL

LPOL

•e
+

magneticmomentcouplestostorageringdipolefield.Sokolov-Ternovbuild-up
oftransversepolarizationbysynchrotronradiation:τ≈25min.P=40%reached.

•SpinRotatorsuseg−2precessiontogetlongitudinalpolarizationattheIPs.

•PolarimetersuseasymmetriesinComptonbackscatteredpolarizedlaserlight.
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Polarisede
±
pchargedcurrentcrosssection
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Q
2
>400 GeV
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y<0.9

•H1andZEUShavemeasuredthe
chargedcurrente

+
pcrosssection

at+33±2%averagepolarization
fromtheOct’03–Mar’04HERA
IIdata.

•ForP=0ithasbeenmeasured
atHERAI.

•TheStandardModelexpectation
agreeswiththedata.

•Wenowtakedatawithnegative
polarization.

•ExtrapolationtoP=−1allows
tosetlimitsonright-handed
currents.
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uanddquarkcouplingstoZ
0

Simulation
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v
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•HERAsimulation:250or
1000pb

−1
dividedbetween

e
±

L,Rwith70%polarization.

•Highluminosityisessential!

•CCFRfixedtargetneutrino
beamdatafromNC/CCratio.

•LEPhasmeasuredaandv
withslightlybetterprecision
forcandbquarks.

⇒testflavouruniversalityofZ
0

couplings.
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HighPolarizationrequired
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•Simulationfor1000pb
−1

.

•Goodprecisiononvuandvd

requires>40%polarization.

•Divisionofluminositybetween
e
±

L,Rislesscritical.
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EventswithisolatedhighpTleptonandmissingpTfromHERAII

e+

X

pt-miss

e+

X

p
e
T=37GeV,p

miss
T=44GeV,p

X
T=29GeV.
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p
X
Tdistribution
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= 3 Data N
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 events at HERA II ( 17 pb
miss
T Search for l+P

SMSignalismainlyrealWproduction.

•H1observes3eventsine+µ
channelsin17pb

−1
ofHERAII

data,expecting2±0.3.

•H1observes2eventswithp
X
T>

25GeV,expecting0.6±0.1.

•In105pb
−1

e
+
pdatafrom1994–

2000H1observed10eventswith
p

X
T>25GeV,expecting2.9±0.3.

•ZEUSobserves7eventswith
p

X
T>25GeV,expecting5.6±0.3

in130pb
−1

HERAIdata.

•Thischannelneedstobe
investigatedwithhigheste

+
p

luminositybeforethe’discovery
window’closes.
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Generalhigh-ptsearchinHERAIdata
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Events

•Require2wellseparatedobjectswith
pT>20GeVperevent:e,µ,γ,ν,or
jet.

•ComparetoStandardModel
expectationusingsimulation.

•Themostsignificantexcessisinthe
µ−j−νchannel:
theisolatedhighpTmuonswith
missingpTandlargep

X
T.
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Highluminosityphysicsprogram
e
+
p

•Clarifyisolatedhighptleptons.

•Clarifymulti-electrons.

•F=0leptoquarks.

•ddensityfromchargedcurrent.

•Searches:RPVstop,SUSYwithc,u.

e
+
pande

−
p

•uanddcouplingstoZ
0
.

•Valencedensityat’low’xfromxF3.

•DVCSchargeasymmetry.

ReducedEp

•FL.

•Highxdensities.

anyep

•Substructure,contactinteractions.

•Largeextradimensions.

•PrecisionF2,udensityathighx.

•G2,parityviolation,d/uathighx.

•Pentaquarkspectroscopy.

•QCDtestswithjets,charm,beauty.

•Diffraction,DVCS,lowxphysics.

e
−
p

•F=2leptoquarks.

•Excitedneutrinos.

•Susywithb,s,d.
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x

•Thedouble-differential
chargedcurrentcrosssection
hasbeenmeasuredatmedium
andhighQ

2
.

•ItagreeswithStandardModel
expectation.

•Itallowsaflavour
decomposition,givingaccess
tod+s.

•Moredataarebeingcollected
atHERAII.
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H1 PDF 2000

extrapolation

H
1 C

ollaboration

•HERAdatacover4decadesinxand
Q

2
.GoodagreementbetweenH1and

ZEUS.

•Experimentalprecisionreaches2–3%in
thecentralregion.

•Smoothtransitiontofixedtargetdata,
exceptatthehighestx.

•Strongscalingviolations:∂F2/∂Q
2

varieswithx.

⇒GluondensityandαSdetermination.

•Partondensitiesareparametrisedinx
atastartingscaleQ

2
o=4GeV

2
.

•GoodNLOQCDfitofQ
2

evolution
usingDGLAPequation.
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HeavyflavourcontributionF
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HERAIresult.

•Charmandbeautymeasured
atQ

2
>150GeV

2
.

•H1exploitslonglifetimewith
itssiliconvertexdetector.

•f
c
2approachesflavour

democracylimitfromcharge
counting:0.36.

•f
b
2ismeasuredforthefirst

time.

•ZEUSandH1haveextended
siliconvertexdetectorsat
HERAII.
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Pentaquarks
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•PeaksinK
0
SpandK

0
Spat1522MeV.

•Interpretedastheisospin-rotated
decayofthepentaquarkcandidate
observedinK

+
nbyseverallow-

energyγpexperimentsat1540MeV.

•Firstobservationofthisstateathigh
energy,inthefragmentationregion.
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•H1observesapeakinD
∗−

pand
D

∗+
pat3099MeVinDIS(5.4σ)

andinphotoproduction.

•Ananti-charmedbaryonismanifestly
exotic.Theminimalquarkcontent
isuuddc

•Thissignalawaitsconfirmationby
otherexperimentsandmoreH1data.
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FLextraction

xQ
4

2πα2Y+

d
2
σ

NC

dxdQ2=F2−
y
2

Y+

FL

Exploitkinematicfactory
2
/Y+athighy

=lowx.
FitF2∼x

−λ
andextractFL.

H
1 C

ollaboration

H
1 C

ollaboration

•FL=0inthenaivepartonmodel.

•Off-mass-shellquarksaftergluon
radiationorsplittingcoupleto
longitudinalphotons.

•QCDcalculationsdifferatlowQ
2
.

•Needrunatreducedprotonbeam
energyfordirectFLmeasurement!
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FLmeasurementwithreducedprotonbeamenergy
FL LO , NLO, NNLO and resummed - Simulation of Low Ep H1 Data

0

0.1

0.2

0.3

0.4

0.5

10
-5

10
-4

10
-3

10
-2

10
-1

1

F
L (x,Q

2)

Q
2
=5 GeV

2

NLO fit
NNLO fit
resum fit
LO fit

0

0.1

0.2

0.3

0.4

0.5

10
-5

10
-4

10
-3

10
-2

10
-1

Q
2
=10 GeV

2

0

0.1

0.2

0.3

0.4

0.5

10
-5

10
-4

10
-3

10
-2

10
-1

1
x

F
L (x,Q

2)

Q
2
=20 GeV

2

0

0.1

0.2

0.3

0.4

0.5

10
-5

10
-4

10
-3

10
-2

10
-1

x

Q
2
=40 GeV

2

•Simulationfor
Ep=400,465,and575GeV
L=3,5,and10pb

−1
.

•Ee=27.5GeV.

•6pointsinxcanbemeasuredineach
Q

2
bin.

•HighdiscriminationpowerbetweenQCD
models.

•pbeamemittanceanddivergence∼

1/EP(adiabaticdamping).

⇒Lspec∼E
2
p

⇒thisrunisequivalentto∼50pb
−1

at
920GeV,plussetuptime.
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Runningstrategyautumn2004–mid2007

•Expect70pb
−1

e
+
puntilsummer2004.

•Assumerunninguntilmid2007;needsVerwaltungsratdecision.

•Yearlysummershutdownsformandatoryinterlocktests.

•Graduallumiincreaseduetocontinuousimprovementprogram.

•A:1moreyeare
+
,1yeare

−
,1moreyeare

+
:70+200+165+260=695pb

−1

•B:2yearse
−
,1moreyeare

+
:70+120+180+260=630pb

−1

•ZEUSwantstoestablishe
−

runningsoonandwantsabalancedbudget,likeinB.

•Hermeswantstoestablishe
−

runningbeforetherecoildetectorisinstalledin
summer2005,andthenneedsbothpolaritiesforDVCSchargeasymmetries(B).

•H1wantstoclarifytheanomaliesseeninHERAIdataandaimsforhighest
luminosity.H1wantstocollect300pb

−1
beforechangingparameters.

•TheoriginalHERAIIgoalof1fb
−1

andreducedEprunningcannotbereachedin
thistimeframe.
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Summary

•HERAIIhasovercomethebackgroundproblemsandisinluminosity
productionmode.

•Themainchallengenowisthecontinuousimprovementoftheduty
cycleandreliabilityofallcomponents,inmachineandexperiments.

•FirstexcitingphysicsresultsfromHERAIIhaveappeared.

•Wearelookingforwardtoefficientdatatakinginthefollowingyears,
hopeforadiscovery,andexpecttomakeprecisionmeasurementsin
allfieldsofHERAphysics.

•Thestrategicplanningtakesplacenow.
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