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TAUPJuly 1st 2009 Rome
 Michael SmyUC Irvine
 Low Energy Neutrino Physics Low Energy Neutrino Physics at Superat Super--KamiokandeKamiokande
 http://antwrp.gsfc.nasa.gov/apod/image/9710/skam_icrr_big.jpg
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Impact of SK Solar Data on Impact of SK Solar Data on νν OscillationOscillation
 • Really Oscillations?• Active or Sterile
 Oscillations?• SMA, VAC, LMA,
 LOW?
 Active Oscillation! (June 2000)Large Angle! (June 2000)Not VAC, SMA! (June 2000)
 After Super-Kamiokande:Before Super-Kamiokande:
 June 2000,Sudbury
 December 2001,Kashiwa
 Ga+Cl+SK+SNO Rateand SK Zenith Spectrum
 Michael Smy, UC Irvine
 September 2003,SeattlePhys.Rev.D69: 011104
 Active Oscillation! (June 2000)Large Angle! (June 2000)Not VAC, SMA! (June 2000)Not LOW! (December 2001)
 Really Osc.! (with SNO: 2001)
 Active Oscillation! (June 2000)Large Angle! (June 2000)Not VAC, SMA! (June 2000)Not LOW! (December 2001)LMA-I (September 2003)Really Osc.! (with SNO: 2001)
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SuperSuper--KamiokandeKamiokande HistoryHistory
 11146 ID PMTs(40% coverage)
 5182 ID PMTs(19% coverage)
 11129 ID PMTs(40% coverage)
 EnergyThreshold(total electron energy)
 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
 SK‐I SK‐II SK‐III SK‐IV
 Acrylic (front)+ FRP (back)
 ElectronicsUpgrade
 SK‐I SK‐II SK‐III SK‐IV
 5.0 MeV 7.0 MeV 4.5 MeVwork in progress
 < 4.0 MeVtarget
 inner detector mass: 32kton fiducial mass: 22.5kton
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SK New FrontSK New Front--End Electronics: QBEEEnd Electronics: QBEE
 QTC TDC FPGA
 Network Interface Card
 PMTsignal
 EthernetReadout
 60MHz ClockTDC Trigger
 QTC-Based Electronics with Ethernet (QBEE)
 • 24 channel input• QTC (custom ASIC)
 – three gain stages– wider (5x!) dynamic range
 • Pipe line processing– multi-hit TDC (AMT3)– FPGA
 • Ethernet Readout• 60MHz common clock• Internal calibration pulser• Low (<1W/ch!) power
 Calibration Pulser
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Difference in Readout SystemDifference in Readout System
 FormerElectronics(ATM)
 Readout (backplane, SCH, SMP)
 Trigger (1.3μsec x 3kHz)
 HITSUMTriggerlogic
 NewElectronics(QBEE)
 Readout (Ethernet)
 Periodic trigger(17μsec x 60kHz)
 Clock
 Hardware Triggerusing number of hit
 (HITSUM)
 1.3μsecevent window
 Variableevent window
 by software trigger
 No hardware trigger. All hits are read out. Apply software trigger.No hardware trigger. All hits are read out. Apply software trigger.
 12PMTsignalsper
 module
 24PMTsignalsper
 module
 Collect ALL hits; trigger every 17μsec with a 60kHz clock without “gaps”
 Former readout system
 New readout system
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Solar Neutrino Future Prospects in SKSolar Neutrino Future Prospects in SK
 pp7Be
 8B
 P(
 ee)
 Vacuum osc. dominant
 νν
 transition from vacuum to matter osc.“upturn” in 8B relative spectrum.
 matter dominant
 νe survival probability(at best fit parameter)
 Expected spectrum distortion with 5 years low BG SK data
 BG is 70% reduced compared to SK-I below 5.5 MeVEnergy-cor. Syst. uncertainty is half compared to SK-Ifive years
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SKSK--IV Future:IV Future:WWidebandideband IIntelligentntelligent TTriggerrigger
 Artist: Vahan Shirvanian
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WIT Hardware: 16 Core ModulesWIT Hardware: 16 Core Modules
 • so far, bought two such modules: four computers, two switches (32 cores)
 • one switch and two computers are in the mine• the other module will get shipped soon• applied for grant to buy four more modules &
 100 TB storage: 96 cores• should be sufficient CPU for 3MeV threshold
 Michael Smy, UC Irvine
 ProCurve Switch
 WIT Machine IDual Quad-Core3GHz CPU
 WIT Machine IIDual Quad-Core3GHzCPU
 10Gbit 10Gbit …1Gbitmany “slow”
 ethernet lines two fastethernet lines
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WIT SoftwareWIT SoftwareI. online conversion of inner detector hit ADC/ TDC
 counts to real times and charges II. sort hits by timeIII. pre-filter based on N230 (# of hits within 230ns)IV. Software Triggered Online Reconstruction of Events:
 coincidence after time-of-flight subtraction using vertices from selected four-hit combinations
 V. fast vertex fitVI. if fiducial, precision vertex fitVII. if fiducial, save eventMichael Smy, UC Irvine
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Test with NiTest with Ni--CfCf γγ SourceSourcecenter (top view)
 center (side view)
 bottom (top view)
 bottom (side view)
 z rcenterbottom
 Michael Smy, UC Irvine
 x [cm] x [cm]
 r2 [103cm2] r2 [103cm2]
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New Solar New Solar νν ResultsResults

Page 12
                        

consistent with SK-I within statistical uncertainty!
 Observed Observed 88B Flux in SKB Flux in SK--IIIIII
 SK-I 8B flux: 2.35±0.02(stat)±0.08(sys) x106/cm2s(PRD73: 112001, 2006)
 DataBest-fitBackground
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SKSK--III: Less Radioactive BackgroundIII: Less Radioactive Background
 r2 [m2]
 z [m
 ]
 clean central13.3kton
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SKSK--III: Less Background for E<5.5 III: Less Background for E<5.5 MeVMeV
 5.0-5.5MeV
 5.5-6.0MeV
 6.0-6.5MeVSK-ISK-III
 SK-ISK-III
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Hint of Signal between 4.5-5.0MeV (recoil electron total energy)Fiducial volume is central 9.0kton
 Solar Peak at 4.5 Solar Peak at 4.5 MeVMeV
 DataBest-fitBackground
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88B B νν FluxFlux
 SK-III 298day5.0-20MeV
 (Preliminary)
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0.2
 0.4
 0.6
 0.8
 1
 1.2
 1.4
 10 20 10 15 20
 SK-I Spectrum
 Dat
 a/M
 C
 SK-II Spectrum SK-III Spectrum MeV
 (Preliminary)
 10 15 20
 Recoil Electron SpectrumRecoil Electron Spectrum
 Φ8B=2.36x106/cm2sΦhep=15x103/cm2s(best-fit for SK-I)
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(Preliminary)
 0.8
 1
 1.2
 1.4
 Dat
 a/M
 CRecoil Electron SpectrumRecoil Electron Spectrum
 Φ8B=2.36x106/cm2sΦhep=15x103/cm2s(best-fit for SK-I)
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Day/Night AsymmetryDay/Night Asymmetry• only direct test of matter effects on solar neutrino
 oscillations• SK-I measured ADN=2(D-N)/(D+N)=-2.1±2.0%(stat)• SK-I also fit LMA day/night variations; expressed as
 ADN the result is ADN=-1.8±1.6%(stat)• SK-II measured ADN=-6.3±4.2%(stat)• SK-III can measure ADN to ±4.3%(stat) with the
 shown 298 days of data; maybe to ±3.7%(stat) usingthe entire SK-III data set (including periods w/o SLE or high very low energy background runs)
 • SK-I-III can determine ADN to ±1.6%(stat)• SK-I-III can fit LMA D/N variations to ±1.3%(stat)
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SuperSupernova nova νν
 BurstBurst
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Supernova Supernova νν Burst: Expected # of EventsBurst: Expected # of Events
 ~7,300 νe+p events~300 ν+e events~360 16O NC γ events ~100 16O CC events
 (with 5MeV thr.)for 10 kpc supernova
 Neutrino flux and energy spectrum from Livermore simulation (T.Totani, K.Sato, H.E.Dalhed and J.R.Wilson, ApJ.496,216(1998))
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Time Variation Measurement withTime Variation Measurement with ννee+p+pAssuming a supernova at 10kpc.
 Time variation of event rate Time variation of mean energy
 Enough statistics to discuss model predictions
 νep e+n events give direct energy information (Ee = Eν – 1.3MeV).
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 0
 10
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 even
 ts/b
 in Energy = 5-10 MeV
 SN at 10kpc
 νe+p
 νe+p
 νe+p νe+p
 ν+e ν+e
 ν+e ν+e
 νν+e+e Scattering EventsScattering Events
 Spectrum of ν+e events can be statistically extracted using the direction to supernova.
 Direction of supernova can be determined with an accuracy of ~5 degree.
 Neutrino flux and spectrum from Livermore simulation
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ConclusionsConclusions• lower backgrounds <5.5 MeV in the center of SK• almost finished analyzing SK-III data• consistent with SK-I and SK-II results within
 statistical uncertainties• SK electronics was upgraded successfully• now read out every hit• SK solar analysis energy threshold may now be
 lowered to 4 MeV: search for “upturn” • with existing data, SK is statistically sensitive
 down to LMA day/night asymmetries of 1.3%• still waiting for a galactic core-collapse supernova
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