Problems with water- ldea: Mapping lost photons
Cherenkov detectors onto PMTs outside the ring
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Can we collect lost photons by

With ~40% photocoverage, we placing mirrors in the unused 60%?

are losing ~60% of photons.
Can we expect greater ring reso-

lution due to effectively smaller
PMT sizes and parallax?

During a ring event, only a fraction
of all PMTs provide information.

Problems with normal mirrors Solution: Retro-reflectors
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With retro-reflectors (right) the reflected light is well separated in time.
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Verification of multi-reflection cancellation
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Simulation using Geant4!l-based WCSim!2l. Blacksheets between PMTs are replaced with
reflective materials. The complicated multi-reflection time signatures due to mirrors
disappear almost completely with retro-reflectors. (side-going electron in SuperK! sized detector)
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Cherenkov profile Analysis method
For precise modeling of the cherenkov profile, we Using the Cherenkov
simulate moving particles in Geant4!!], and fit flux profile model, the
and timing distributions of photons with zonal expected charge and
harmonics for each radial slice about the vertex. timing distributions for
z ——m o'z all PMTs are calculated
Radius [m] 2 '2 w2 fortrack parameters
AN ~ 31
had L E n=(txy.2,E 0.9)
S ¢ and the detector confi-
Particle =10° £ . .« .
guration. This is used to
construct a likelihood
> a5 function L(’? a’?true);
Angle from track [rad) whose second derivative
At each solid angle we measure not only the photon is used to compute the
flux but also their direction distribution, which allows  ring reconstruction
modeling of reflections including scattering effects. sensitivities.
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Retro-
tors are used
extensively in

street

age, trans-
port safety
and laser
metrology,
due to their

Origin of enhanced sensitivity

Sensitivity to photon direction

* Without reflectors, a change in z can
be compensated by a change in 6.

* Adding reflectors resolves this
Essentially “parallax” degeneracy by causing the antipodal
ring to move (same for y,0)

reflec-

Sensitivity to timing differences

reflect light

light source.
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sign- * Normally vertex sensitivity comes
from timing difference t, — t,

* Reflected light has 3x path length
property to v.-t,=3(t,-t)| 2 3Xsensitivity to timing differences
back to the at same time resolution.

Sensitivities with different photo-coverages
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10 - LTy place, so the sensitvities converge.
0.0 | : Superk A% |
20 40 60 80 The enhanced position and angle
rhoto coverese 1) sensitvities due to parralax result
35 from a new information class (photon
N e evenat direction) and are thus effective for a
23" ‘+\/\ — 4 - No reflectors wide range of coverages.
— +- —X— Retro-reflectors
15—<< 7+“+--+__+__ The improved reconstruction
- \x\x\ggi‘é@of&éﬁé‘ty ""=1 sensitivity means one can reduce the
Z | i X~ number of PMTs by introducing retro-
- 20 6 50 reflectors, reducing the cost of water-
Photo coverage [%] cherenkov detectors significantly.

(cost of retro-reflectors about 1/10 of PMTs)

kov profile for a side-going electron.
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Practical challenges o ¥ :
Corner cube retro-reflectors Star-shape partarRia = . s i
have most accurate retro- to reflecting only twice R x= . |
reflection. However, if the /
incident light reflects less s T Some variational modes of the Cheren-

than three times, it will

Suppression methods

(e.g. blinds) might need reveals different types of reflections. 1
to be developed.
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not be retro-reflective. retiii— Variations of the cherenkov profile
due to electromagnetic showering etc.

Laser beam pointed at a micro-prism tape were ignored in this ana|y5i5’ and can

have an impact on the sensitivity.

Summary
By adding reflectors between PMTs, * Research for solving practical
it might be possible to improve vertex difficulties in implementation and
and angular resolution ~2x in water- data-analysis is ongoing.
Cherenkov detectors. * Improvements should help with
Problems like multiple reflections and kinematic selection of multi-ring events
alignment difficulties are elegantly and reduce cost of water-Cherenkov

solved by using retro-reflectors instead  detectors by requiring less PMTSs.
of normal mirrors.
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