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2Lawrence Livermore National Laboratory
 Ion traps
 Efficiently collect any isotope nearly at rest, suspended only by electromagnetic fields
 Recoil nucleus momentum available for study
 <1mm3 volume
 Isotopically-pure samples can be prepared
 Combine ion-trapping techniques with modern detector technology to perform beta-decay and beta-delayed neutron decay measurements with unprecedented precision
 Entire decay kinematics reconstructed to determine energy/momenta of:
 (1)Neutrinos in beta decay
 (2)Neutrons in beta-delayed neutron emission
 Neutrino
 escapes
 detection!
 Neutron emissionn
 Spectroscopy of “invisible” and difficult-to-detect particles
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 Open-Geometry Ion Trap with Detector Array
 RF ConfinementFission fragments
 1000 Vpp at 700 kHz
 8Li 1000 Vpp at 2000 kHz
 DC ConfinementV ≈ 100 V
 RFQ electrodes
 trapped ions
 inject ions
 SIDE VIEW:
 HPGedetector
 Si telescope
 HPGedetector
 HPG
 ede
 tect
 or HPG
 edetector
 END VIEW:
 Storage times >50 sec
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 Measure any correlation between emitted particles
 HPGedetectorSi
 telescope
 HPGedetector
 HPG
 ede
 tect
 or HPG
 edetector
 particles
 conversion electrons
 rays
 p
 alpha particles
 protons
 -delayed neutrons
 recoil ionsMCP
 n
 ion
 MCP
 fast
 sci
 ntill
 ator
 fast scintillator
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 8Li angular correlation
 DSSSD Plastic scintillator
 8Li+
 8Li 8Be*
 momentum/energy measured from double-sided silicon-strip detectors (DSSSD) and plastic-scintillator detector
 8Be recoil (up to 12 keV!) determined from -particle break-up
 • energy difference up to 730 keV
 • angle deviation from 1800 by up to 70
 Surround trapped-ion sample with position-sensitive detector system to precisely reconstruct momentum vectors of all emitted particles (including neutrino!)
 Q ≈ 13 MeV
 t1/2 = 0.808 sec
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6Lawrence Livermore National Laboratory
 8Li decay detector requirements
 a
 a
 Double-sided silicon strip detector will not wash out the kinematic shifts – energy resolution of <100 keV and angular resolution of <20
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 Beta-delayed neutron emission
 Plastic scintillator
 Plastic scintillator
 n
 94Sr
 95Rb+
 95Rb 95Sr* 94Sr* n
 Example of time-of-flight measurement to measure neutron energies and absolute branching ratios:
 Assume 1 MeV neutron emitted from 95Sr beta-decay daughter. Recoil energy of 94Sr is then 10 keV and time-of-flight to MCP detector at a distance of 10 cm is 700 ns. At this distance, resolution of neutron energy measurement from the time-of-flight is limited to ~1% by 1 mm3 trap volume.
 Intrinsic efficiency of MCP for keV-energy ions can be nearly 100%.
 At ANL, measurements can be performed on fission fragments from the CARIBU facility.
 Beta-delayed neutron emission measurement takes advantage of 1 mm3 trapped-ion sample and sub-ns timing resolution of fast plastic scintillators and MCP detectors to precisely determine neutron momentum/energy from time-of-flight of recoiling daughter ion
 MCP ion detector
 Q = 4.9 MeVt1/2 = 0.378 secPn ≈ 9%
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8Lawrence Livermore National Laboratory
 Main RequirementsATLAS Beams:
 • Low energy• High intensity
 CARIBU Beams:• Low energy• High intensity• High purity• Low emittance• Many neutron-rich isotopes
 Equipment:• Ion traps with long storage times, tight confinement, open geometry for
 detectors• Position-sensitive detectors and associated electronics• Adequate shielding to allow full use of beam intensity
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