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DESCANT – DEuterated SCintillator Array for Neutron Tagging
 Scott Williams, Warsaw, Oct 2007
 DESCANT: DEuterated SCintillator Array for Neutron Tagging
 S. J. Williams, TRIUMF(for the TIGRESS collaboration)
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DESCANT – DEuterated SCintillator Array for Neutron Tagging
 Scott Williams, Warsaw, Oct 2007
 Fast neutron detection through elastic scattering processes in a scintillator material, typically a proton scintillator such as BC-501
 Isotropic distribution of scattering angles from protons in the centre-of-mass frame results in a rectangular energy distribution:
 Pulse height includes very little information on incident neutron energy
 Neutron detection
 P(Ep
 )
 En
 0o45o
 90o
 A
 (1 + A)2P(ER)
 = En
 σ(Θ)
 πσs
 σ(Θ) = 4π
 σs
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DESCANT – DEuterated SCintillator Array for Neutron Tagging
 Scott Williams, Warsaw, Oct 2007
 DESCANT – DEuterated SCintillator Array for Neutron Tagging
 BC-537 (C6D6) – good gamma-n PSD, n-d scattering is now forward-peaked pulse height proportional to En
 Mono-energetic beam available at University of Kentucky – test a sample of BC-537 in a 1 inch deep by 4 inch diameter canBC-501 BC-537
 En = 4.3 MeV
 En = 2.5 MeV
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DESCANT – DEuterated SCintillator Array for Neutron Tagging
 Scott Williams, Warsaw, Oct 2007
 Deficiency of energy information from a normal scintillator results in the well-known problem of neutron multiplicity detection
 Multiple scattering is usually removed by nearest-neighbour rejection
 Results in a much reduced detection efficiency for folds of 2 or more
 Elimination of signal from s-wave correlated neutrons
 Use the pulse height information from the deuterated scintillator and correlate this with the TOF to over-determine the neutron energy, and reject multiple scattering without the need to veto nearest-neighbours
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DESCANT – DEuterated SCintillator Array for Neutron Tagging
 Scott Williams, Warsaw, Oct 2007
 DESCANT – initial geometry Designed to fit into the
 TIGRESS geometry at TRIUMF
 Forward 1.2π available for neutron detectors
 Comprised of 70 regular hexes
 Target-to-face distance 50 cm
 This geometry achieves 76.0% coverage
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DESCANT – DEuterated SCintillator Array for Neutron Tagging
 Scott Williams, Warsaw, Oct 2007
 DESCANT – present geometry Comprised of 70 irregular
 hexes of 3 different shapes:
 Cans are 15cm deep, ~12 cm across
 ~$1.2million for scintillator
 Achieves 89.2% coverage of the available 1.2π, for a total of 1.1 π
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DESCANT – DEuterated SCintillator Array for Neutron Tagging
 Scott Williams, Warsaw, Oct 2007
 GEANT4 simulations First task – simulate response functions of
 both BC-501 and BC537 scintillators
 Model a 1 inch deep, 4 inch diameter cylinder – directly comparable to the Kentucky data
 Fire mono-energetic neutrons into the centre of the can
 Record spectra of total energy deposited
 Simulations peformed by James Wong at Univ. Guelph, Canada

Page 8
						

DESCANT – DEuterated SCintillator Array for Neutron Tagging
 Scott Williams, Warsaw, Oct 2007
 2.5 MeV
 4.3 MeV
 3 MeV
 4 MeV
 2.5 MeV
 4.3 MeV
 3 MeV
 4 MeV
 BC-501 proton scintillator
 1 inch deep, 4 inch radius cylinder
 Left: Kentucky data Right: GEANT4
 simulations
 BC-537 deuterated scintillator
 1 inch deep, 4 inch radius cylinder
 Left: Kentucky data Right: GEANT4
 simulations
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DESCANT – DEuterated SCintillator Array for Neutron Tagging
 Scott Williams, Warsaw, Oct 2007
 Why does the proton scintillator look so good as the depth of the can increases?
 Maybe time cuts – simulations optimised for 1 inch can
 With no time cuts, simulations returned a spike at full energy – neutrons were allowed to thermalise and be captured
 3 MeV
 4 MeV
 3 inch cyl.
 6 inch cyl.
 BC-501
 3 MeV
 4 MeV
 3 inch cyl.
 6 inch cyl.
 BC-537
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DESCANT – DEuterated SCintillator Array for Neutron Tagging
 Scott Williams, Warsaw, Oct 2007
 Simulations - outlook Investigate problems Fold in PMT response, once final decision on
 PMT model is made Model a DESCANT can with proper geometry Model the full 70-element DESCANT array
 Look at scattering between cans – develop algorithms
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DESCANT – DEuterated SCintillator Array for Neutron Tagging
 Scott Williams, Warsaw, Oct 2007
 Data Acquisition Based upon existing TIG-10 standard, used
 for HPGe’s in TIGRESS array. Designed by J.P.Martin, University of Montreal
 Flash ADC- 14-bit, 100 MHz
 Local FPGA- Energy calculation (MWD)- Digital CFD giving time information and trigger decisions
 Master FPGA- Readout control
 10 x SMA inputs
 LVDS data transfer link

Page 12
						

DESCANT – DEuterated SCintillator Array for Neutron Tagging
 Scott Williams, Warsaw, Oct 2007
 Expand the TIG-10 standard for more demanding DESCANT application
 Project is in development stage
 1 GHz digitisation – 1 ns bins for digitally stored waveforms
 Data transfer (readout) rate ~ 10MB/s Space limitation requires 4 channels per
 card Increased power consumption requires the
 use of the VME64X standard
 Standard for DESCANT is called TIG-4G
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DESCANT – DEuterated SCintillator Array for Neutron Tagging
 Scott Williams, Warsaw, Oct 2007
 Gamma – neutron discrimination with digital DAQ
 Measure pulse risetimes directly – zco equivalent Fit the exponential decay of each pulse - measure
 decay constants sensitive to the ~few ns scale Allows neutron-gamma PSD on board
 Pulse Height
 TimeRTγ
 gamma
 neutron
 λ γ
 RTn λ n
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DESCANT – DEuterated SCintillator Array for Neutron Tagging
 Scott Williams, Warsaw, Oct 2007
 DESCANT timeline Expect delivery of scintillator cans (pre-
 assembled with PMT tubes) to commence by spring/summer 2008
 Scintillator will be delivered at a rate of 10 cans every 4 weeks
 Array is expected to be ready for experiments by spring/summer 2009
 It is expected that DESCANT will not stay permanently at TRIUMF
 To take advantage of the considerable investment, we envisage campaigns with the array coupled to AGATA/EXOGAM at the new facilities such as SPIRAL2 – we invite suggestions from interested collaborations
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