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Liquid Scintillator Research for the 280m Near Detector
to be used in the T2K Neutrino Oscillation Experiment
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December 21, 2004

84 Queensdale Crescent
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January 5, 2005

Dr. Jimmy Law

224 MacNaughton Building

University of Guelph

Guelph, ON, N1G 2W1

(519) 824-4120 Ext. 53021

Dear Dr. Law,


I recently had the pleasure of spending my second work term at TRIUMF in British Columbia.  During my time there, I researched the liquid scintillator that is going to be used in the 280m Near Detector as part of the Tokai to Kamioka (T2K) Neutrino Oscillation Experiment.  My primary responsibility was to produce a clear liquid scintillator that had a high photon emittance and a high water concentration to be used as the detection medium in the Near Detector.  Additionally, I performed tests on materials that were going to be incorporated into the Near Detector design to determine whether or not they would perform as required.  I worked directly under Dr. Stanley Yen, and our Neutrino group leader was Dr. Akira Konaka.

The conclusion of the solar neutrino detection experiments conducted at SNO in 2001 confirmed that neutrinos oscillate between (e, ((, (( and mixtures of all three while on route to the Earth from the Sun.  Since then, attempts to better understand neutrino oscillations have sprung up and many theories are currently under scrutiny.  The T2K experiment hopes to narrow down the field of possible explanations by testing the rate that (( turn into (e over a distance of 295km.  To detect a change from one neutrino type to another, the number of neutrinos of each type must be known at the source (280m Near Detector) and at the end of the baseline.  The Near Detector will be placed 280m beyond the neutrino source (JPARC) and the Far Detector, Super Kamiokande, will detect the neutrinos when they reach Kamioka, Japan, which is 295km from Tokai, Japan.  The Near Detector is currently planning to use long, thin, square tubes to hold a liquid scintillator that will detect the neutrinos.  This liquid scintillator must be clear, have a high photon emittance and a high water concentration to minimize the difference between the two detection mediums (i.e. the scintillator in the Near Detector and water in the Far Detector).  This report deals with the research performed on the liquid scintillator.  

My report is written in a journal article style and is aimed at an audience with my level of education; although, some previous knowledge of neutrinos would be an asset.  The report was edited by my supervisor, Dr. Yen, and by Dr. Sabesh Kanagalingam, my previous supervisor at BTI in Chalk River.
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Appendix:  Recipes

Standard 20mL Liquid Cocktail
33


Standard 20mL Carbopol Gel
33


50mL of ~2wt% (~0.5M) NaOH
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0.1g Carbopol per 5mL Water Stock Solution
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Figure 1:  Proposed organization of detection cells in the Near Detector.  Each sheet of cells will be a single extruded piece of diffusely reflective material that can withstand chemical attack by the scintillation cocktail.  The cells are orientated in an alternating horizontal and vertical pattern to provide a 3D readout of the charged particles traveling through the Near Detector.  Wavelength shifting fibres will run the length of the cells and transmit events from the cells to photomultiplier tubes
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Figure 3:  Wavelength shifting fibers with sections of core dissolved.  The bright material in the fiber is the intact polystyrene core.  The left photo is a notch, while the right photo is a fiber end
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Figure 4:  Deterioration of the wavelength shifting fiber’s polystyrene core, in various 55% Quicksafe A cocktails.  These cocktails were incubated at 50ºC and separated over time.  “21/55/24” refers to a cocktail made of 21% water, 55% QSA and 24% Triton.  The distances refer to the length of hollowed out cladding surrounding the notch
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Figure 5:  Deterioration of the wavelength shifting fiber’s polystyrene core in various 55% Quicksafe A cocktails.  These cocktails were incubated at 50ºC and separated over time.  “21/55/24” refers to a cocktail made of 21% water, 55% QSA and 24% Triton.  The distances refer to the length of hollowed out cladding measured from the fiber end
12

Figure 6:  Fibre degradation in a liquid cocktail and a Carbopol gel cocktail.  Both cocktails are 72/19/9 and have 3 WSFs.  The ‘Distance’ is the length of core that the cocktail has dissolved, extending from the exposed end of the fibre.  The error is ±0.2mm
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Figure 7:  Vial testing apparatus.  The PMT is in the top left corner
16

Figure 8:  Number of photoelectrons emitted by cocktails with various concentrations of Quicksafe A.  The error is ±3 photoelectrons
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Figure 9:  Light output of scintillator cocktails made with Triton X-100/PPO/POPOP.  The concentration of PPO/POPOP is 0g, 1g and 2g per 50mL of Triton X-100
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Figure 10:  Prototype 1 after assembly and an un-assembled custom tube head.  The custom tube head threads on to a PMT once assembled
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Figure 11:  Light yield collected by 3 Wavelength Shifting fibers, immersed in a 70/27.5/2.5 cocktail, as the distance from the snout of the PMT to the beam's path is increased
21

Figure 12:  End view of a piece of trimmed Coroplast.  The walls between cells are 0.5mm thick, the exterior walls are 0.7mm thick and each cell’s dimensions are 8.5mm × 8.5mm
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Figure 13:  These two photos show how the set of 4 detection cells were insulated first with black electrical tape and then with aluminum foil to prevent evaporation
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Figure 14:  Both ends of the 50cm long Prototype 2 and 3.  The left photo shows the unsealed second plug.  The right photo shows the Lucite Tube, vial cap and WSF
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