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INTRODUCTION

An optimized optical module for calorimetry with potential benefits: Transmittance
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e Improved energy resolution & threshold
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Transmittance of 3M DF-Chill in the water

e Sharp edge around 500nm at incident angle 0° observed (as in the spec sheet)

DESIGN

e A photon trap using Wave Length Shifter (WLS) [1, 2, 3] by which photons are
efficiently absorbed and re-emitted

e At higher incident angles, band width decreases & transmittance rises at higher
wavelength (Not optimized behavior for trapping secondary photons)

e Channeling photons to existing photosensor module by reflection on the surround-
ing dichroic film [1]

e “delayed photons” collected by the photon trap will significantly enhance signal S IMULATION

efficiency, at the cost of reduced timing resolution Customized GEANT4 simulation (modified version of [1])

e Thin dichroic foil is wrapped
in cylinder shape, which is
Photomultiplier deformable (does not resist |
tube (PMT) pressure from freezing water) 3-inch PMT (Hamamatsu R12199)

e WLS plates are crossed each 3-inch (diameter) x 1m (height) Photon Trap

othe.r. (>1cm thickness for Wave Length Shifter: EJ-286 by Eljen technology (refractive index n=1.59, re-
Dichroic foil sufficient absorption) emission time constant t=1.2 ns)
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10,000,000 photons are injected following Cherenkov spectrum at 2m distance to
all directions

Pressure vessel
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Two types of dichroic film tested:

Cherenkov
light
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Desired Dichroic film property

— casel (‘ideal” case): a step-function transmittance at 400nm

— case2 (‘realistic” or '3M’ case): measured 3M DF-Chill values

RESULT

Number of collected photons (collected photons X Quantum Efficiency) is shown
in the table. All numbers are divided by the number of collected primary photons in
the PMT-only design.

e 100% transmittance below 400nm not to block S = pT imiry IihOtOnS secondary photons
primary photons (WLS captures photons be- Md O? Y (XEQ ) | 79(06 8;1 - (1) (2)5
tween 250-400nm & re-emit above 400nm) 1316\/8[1 ((XC%)) 0.49 E0.064; 0.33 (OoOél. )0 004)

X . . . .08140.

e 100% retlectance above 400nm to efficiently WLS only (x QF) 0.94 (0.097) 051 (0.12)

trap the re-emitted photons

e Inideal case, total (primary + secondary) photon detection efficiency increases
~16 times (0.1—0.071+1.5)

e In 3M case, total collection efficiency improves 50% (0.1—0.064+0.081)

To measure transmittance of dichroic film in the water at different incident angles
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Feasibility of the design requires further studies & design can be improved; we're
in contact with 3M technicians to check the possibility to optimize the bandpass
of the dichroic film & discussion on supporting structure is on-going with me-
chanical /optical engineers



