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•• motivationmotivation forfor KATRINKATRIN
•• principleprinciple of of thethe measurementmeasurement
•• sensitivitysensitivity of of thethe spectrometerspectrometer
•• statusstatus, , goalsgoals and and scheduleschedule of KATRINof KATRIN
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Neutrino Neutrino massmass in in particleparticle physicsphysics

i

oscillationoscillation experimentsexperiments
measuremeasure ∆∆mm22 = (m= (mii

22 –– mmjj
22))

absolute 
absolute neutrinoneutrino massmass ??

KamLAND=>7.7x10-5eV2

SuperK=>2.5x10-3eV2
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•• CMB and CMB and largelarge scalescale structuresstructures
–– WMAP + 2dFGRS + …WMAP + 2dFGRS + …

  ΣΣmmνν < 0.7 < 0.7 eVeV (95% CL)(95% CL)
  (D.N. (D.N. SpergelSpergel et al., et al., astroastro--phph/0302209)/0302209)

–– WMAP + 2dFGRS + …WMAP + 2dFGRS + …

  ΣΣmmνν < 1.0 < 1.0 eVeV (95% CL)(95% CL)
  ((HannestadHannestad, , astroastro--phph/0303076) /0303076) 
–– ……

•• supernovasupernova neutrinosneutrinos ((toftof))

Neutrino Neutrino massmass in in astrophysicsastrophysics



28.Aug.2003, 28.Aug.2003, AmblesideAmbleside, COSMO, COSMO--03, J. Wolf 03, J. Wolf 

TheThe SensitivitySensitivity of of thethe KATRIN Neutrino KATRIN Neutrino MassMass ExperimentExperiment 44

Universität Karlsruhe (TH)Universität Karlsruhe (TH)
Institut für experimentelle KernphysikInstitut für experimentelle Kernphysik

Neutrino Neutrino massmass in in nuclearnuclear physicsphysics: : decaydecay experimentsexperiments
directdirect measurementmeasurement:: indirectindirect measurementmeasurement::
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TritiumTritium--ββ--decaydecay and and νν--restrest massmass
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TritiumTritium--ββ--decaydecay experimentsexperiments
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PrinciplePrinciple of of thethe electroelectro--staticstatic spectrometerspectrometer

•• adiabaticallyadiabatically guidedguided electronselectrons
alongalong magneticmagnetic fieldlinesfieldlines

•• electroelectro--staticstatic filterfilter:: transmissiontransmission oror
reflectionreflection at at thethe analysinganalysing plane plane 

•• integral integral energyenergy spectrumspectrum

•• energyenergy resolutionresolution: 1eV: 1eV

∆∆E/E = E/E = BBminmin//BBmaxmax

BBmaxmax = 3= 3--6 T ; 6 T ; BBminmin ≤≤ 0.3 mT0.3 mT

•• largelarge solid anglesolid angle
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KATRIN:KATRIN: KAKArlsruherlsruhe TRITRItiumtium NNeutrino eutrino experimentexperiment

•• GoalGoal:: measurementmeasurement of of thethe νν massmass withwith a a sensitivitysensitivity in in thethe 0.2 eV 0.2 eV rangerange

•• International International collaborationcollaboration:  :  >65 >65 membersmembers

•• measurementmeasurement:: electroelectro--staticstatic spectrometerspectrometer withwith a a gaseousgaseous tritiumtritium sourcesource
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Experimental Setup of KATRINExperimental Setup of KATRIN
•• WGTS: WGTS: WindowlessWindowless GaseousGaseous Tritium Tritium SourceSource (95% (95% puritypurity))
•• differential differential pumpingpumping sectionsection and and cryocryo--sectionsection
•• prepre--spectrometerspectrometer withwith electrodeselectrodes
•• mainmain spectrometerspectrometer withwith electrodeselectrodes ((∆∆E = 1 E = 1 eVeV))
•• SiSi--detectordetector

superconductingsuperconducting magnetsmagnets guideguide ββ--electronselectrons

fromfrom thethe sourcesource to to thethe detectordetector

∅∅ = 10m, L = 22m= 10m, L = 22m
P < 10P < 10--1111 mbarmbar
B = 3x10B = 3x10--44 TT
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ImprovedImproved Design ParametersDesign Parameters
((comparedcompared to COSMO 2002)to COSMO 2002)

•• LargerLarger spectrometerspectrometer tank (tank (∅∅ 7 m 7 m ?? ∅∅ 10 m) and 10 m) and ……
•• … … largerlarger sourcesource diameterdiameter (70 mm (70 mm ?? 90 mm)90 mm)

–– higherhigher tritiumtritium fluxflux (x 1.7)(x 1.7)
–– samesame energyenergy resolutionresolution asas in 7 m in 7 m versionversion ((∆∆E = 1 E = 1 eVeV))
–– smallersmaller statisticalstatistical errorerror
–– samesame fluxflux asas in 7 m tank in 7 m tank butbut ∆∆E = 0.5 E = 0.5 eVeV improvesimproves sensitivitysensitivity onlyonly slightlyslightly

•• OptimizedOptimized energyenergy intervallsintervalls
–– energyenergy dependentdependent energyenergy and time and time intervallsintervalls
–– smallersmaller statisticalstatistical errorerror

•• Monopole / Monopole / dipoledipole wirewire electrodeselectrodes
–– strongstrong backgroundbackground reductionreduction in in firstfirst prototypeprototype measurementsmeasurements (Mainz) (Mainz) 
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SensitivitySensitivity on Neutrino on Neutrino MassMass
((statisticalstatistical errorerror onlyonly))

constantconstant energyenergy intervalsintervals
and and measurementmeasurement time,time,
10 mHz 10 mHz backgroundbackground
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Simulation of β spectra

KATRIN KATRIN afterafter::

1 1 yearyear effecteffect. . meas.timemeas.time,,

10 mHz 10 mHz backgroundbackground,,

[18555.0,18580] [18555.0,18580] eVeV

in 0.1 in 0.1 eVeV –– stepssteps

10m 10m mainmain spectrometerspectrometer
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SystematicSystematic ErrorError

•• InfluenceInfluence of of systematicsystematic uncertaintiesuncertainties on on sensitivitysensitivity underunder
detaileddetailed investigationinvestigation

•• Total Total systematicsystematic errorerror afterafter 3 3 yearsyears of of datadata takingtaking shouldshould bebe
aboutabout thethe samesame sizesize asas thethe statisticalstatistical errorerror

•• PossiblePossible sourcessources of of systematicsystematic errorserrors::
–– EnergyEnergy lossloss duedue to to excitationexcitation of of thethe daughterdaughter moleculemolecule
–– EnergyEnergy lossloss duedue to to inelasticinelastic scatteringscattering on gas on gas moleculesmolecules in in thethe sourcesource
–– DensityDensity profileprofile in in thethe sourcesource; ; spacespace chargecharge withinwithin thethe sourcesource
–– TT22--purity (T2, TH, Hpurity (T2, TH, H22))
–– HV HV fluctuationsfluctuations
–– StabilityStability of of thethe backgroundbackground raterate
–– ……
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Status of KATRIN Status of KATRIN ActivitiesActivities
•• SiSi--detectordetector ((teststests withwith ee--gungun and and XX--rayray sourcessources))
•• DAQDAQ ((prepre--spectrometerspectrometer teststests))
•• SlowSlow ControlControl SystemSystem ((prepre--spectrometerspectrometer teststests))
•• Main Main spectrometerspectrometer (design (design studiesstudies))
•• PrePre--spectrometerspectrometer ((underunder constructionconstruction, , prototypeprototype forfor mainmain spectrometerspectrometer))
•• High High voltagevoltage ((prepre--spectrometerspectrometer teststests))
•• ElectrodesElectrodes ((monopolemonopole and and dipoledipole electrodeselectrodes in Mainz in Mainz spectrometerspectrometer))
•• SuperconductingSuperconducting magnetsmagnets ((firstfirst magnetsmagnets orderedordered forfor prepre--spectrometerspectrometer))
•• Differential Differential pumpingpumping sectionsection (design (design studiesstudies, , simulationssimulations))
•• Tritium Tritium sourcesource ((RamanRaman spectroscopyspectroscopy))
•• CalibrationCalibration ((developmentdevelopment of of sourcessources and and ee--gunsguns))
•• Simulation Simulation ((influenceinfluence of of systematicsystematic effectseffects, , measmeas. . strategystrategy))
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KATRIN KATRIN PrePre--SpectrometerSpectrometer
•• First First vacuumvacuum teststests withwith 300 l tank:300 l tank:

–– 1010--1111 mbarmbar (2002(2002--2003)2003)
•• Delivery to FZK: Sep. 2003Delivery to FZK: Sep. 2003

–– ∅∅ = 1.7 m, L = 3.5 m= 1.7 m, L = 3.5 m
–– supersuper--condcond. . magnetsmagnets

•• VacuumVacuum teststests: 2003/4: 2003/4
–– goalgoal: < 10: < 10--1111 mbarmbar
–– pumpspumps: : GetterGetter, TMPs, TMPs
–– bakingbaking: 350°C: 350°C
–– outgassingoutgassing < 10< 10--1313 mbarmbar l/s cml/s cm22

•• ElectroElectro--magmag. . teststests: 2004: 2004
–– electrodeselectrodes and and magnetsmagnets
–– ee--gungun and and SiSi--detectordetector
–– backgroundbackground suppressionsuppression
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PrePre--SpectrometerSpectrometer Prototype SetupPrototype Setup
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GoalsGoals and Schedule of KATRINand Schedule of KATRIN
KATRIN KATRIN sensitivitysensitivity afterafter 3 3 yearsyears of of measuringmeasuring: : 

ØØ sensitivitysensitivity: : mmνν < 0.2 eV (90%CL)< 0.2 eV (90%CL)

ØØ discoverydiscovery potential:potential: mmνν = 0.35 = 0.35 eVeV withwith 55σ  σ  ((mmνν = 0.3 = 0.3 eVeV withwith 33σσ ))

ØØ statisticalstatistical and and systematicsystematic uncertaintiesuncertainties contributecontribute aboutabout equallyequally

KATRIN KATRIN scheduleschedule::
ØØ sincesince 2001:2001: prototypeprototype studiesstudies to to improveimprove::
ØØ backgroundbackground suppressionsuppression (Mainz, (Mainz, TroitskTroitsk))
ØØ vacuumvacuum (< 10(< 10--1111 mbarmbar))
ØØ ee--m design and m design and calibrationcalibration ((electrodeselectrodes, , magnetsmagnets, , ee--gungun))
ØØ SiSi--detectordetector (SDD, APD, PIN)(SDD, APD, PIN)

ØØ September 2003:September 2003: delivery of delivery of thethe prepre--spectrometerspectrometer

ØØ 2005/2006:2005/2006: constructionconstruction of of thethe mainmain spectrometerspectrometer

ØØ 2007:2007: start of start of measurementsmeasurements
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