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Systematic Error: Geometry

PMTs assembled in air




Systematic Error: Geometry
Potential PMT shifting due to

e Example buoyancy after water filling

systematic /

deviation of ID Inner (ID)
PMT geometry detector wall

e Nominal
assumption in
analysis can
produce

incorrect results
o  Critical for

precision .
measurements Electron
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Photogrammetry Review

Reconstruct the 3D structure from multiple
2D photographs to mitigate systematic error

Took ~13000 photos
(~1800 positions)
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Fixed Camera System

e Developing an 8-camera
system for WCTE, which will
be re-used in Hyper-K IWCD

e Hyper-K FD design and
funding request is ongoing
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Funding Summary

Approved amounts:
Year
2019
2020
2021
2022
2023

Actual spending:
Year
2019
2020
2021
2022
2023

Goods
700,000
200,000
300,000
150,000
50,000

Goods
832,236
0
872,234
124,309
518,751

Travel
300,000
300,000
200,000
300,000
300,000

Travel
653,170
127,739

0
156,940
0

Top-up
500,000

Total

1,500,000

500,000
500,000
450,000
350,000

Total

1,485,406

127,339
872,234
281,249
518,751

Reported
this time

Remainder
14,594
372,261*
27
168,751*
0

*Carried over
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Funding Summary

e 2022 Goods: Pressure testing equipment
e 2022 Travel: Pressure testing camera vessels at Kamioka Lab-F

e 2023: Underwater acoustic locator, rental of pool facility for testing

Actual spending:

Year Goods Travel Total Remainder
2022 124,309 156,940 281,249 168,751*
2023 518,751 0 518,751 0

*Carried over 8



Pressure Tests

e Purchased dial gauges,
lamps, weights, etc. for ™
pressure testing camera A | Monitoring optical distortionsx
housing prototypes at Lab-F =T MPa |

. . ~0.éMPa ~1.7 mm
in Kamioka Lab ~o.a:» MPaI~1,4m'm

~|Run 4, acrylic

: Tmm:
e Acrylic dome is fine for ~03MPa]
~0.5mm
WCTE/IWCD depths I_/rw: g
e Glass is preferable (less o T mesetton
Run4,g|a£ . : ~1 MPa

~0.8 MPa [{ ~0.45mm
~0.6 MPa} ~0.38mm
*~0.28r‘_nm

deformation) for HK-FD

o However, a leak was found in
current prototype, so need to
develop new design

~03 MPa

2 60 100

Time elapsed (min)




Production Progress

Assembly and calibration is
on-track for delivery to WCTE
this summer 2024
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Moveable Camera System

e Concerns and challenges raised at last Super-K

Tank-Open Work drone camera deployment: ——— i
o Potential collision with detector walls (PMTs, blacksheet) \ 4
o Manual piloting fatigue — limited data taking time
o Incomplete tracking of position — Missing parts of detector

e Company has integrated new systems for absolute
(and relative-to-wall) position determination:

e Can develop automatic
piloting for data taking,
and safety interlocks to

g Doooler shut down or reverse in

Transmitter

velocity log o
' case of proximity to wall
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https://waterlinked.com/underwater-gps-g2/
https://waterlinked.com/dvl/
https://waterlinked.com/dvl/
https://www.qysea.com/products/fifish-v6-plus.html

Positioning System Testing

e University of Tokyo, Institute of Industrial Science, Ocean Engineering Basin
o Rented for 1 week (Sep. 11-15, 2023) for ¥300k (¥141.5 from this fund)

e Translational carriage (and rotational platform) that can be controlled to the mm

(sub-°) level to cross-check _

drone positioning systems
o Evaluate precision and accuracy

The carriage (a)

Example positionings of receivers in a WC detector

Height of photomultiplier tube (
above wall = ~17 cm
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https://seasat.iis.u-tokyo.ac.jp/IIS_OEB/

Positioning System Test Progress

Mounted receivers in
various configurations
Mounted new drone
(sonar, DVL) and acoustic
locator on moveable
carriage

Performed several (X,y)
translations across whole
baseline, and rotations

Analysis ongoing

U-GPS (x,y,z) Readings, to be correlated with
sonar and DVL measurements
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Super-K Analysis Progress

e New semi-automatic

image labeling software
o Labelled ~69 new
images: >14k features

e Checked verticality

around LI column:
o Radial RMS: 1.1 cm
o Tangential RMS: 0.5 cm

May 2020: 24 PMTs March 2021: Barrel Rings

Develop reconstruction code  Confirm circularity 15007 ’ l
e » reconstructed camera 1000 |

1500

3 o {588 PMTs

648 reconstructedPMT positions
(in 5-6-rows) 1500

00 000

Doo0oae

[wa]Z

£0660-00

L£0615-00

£0622-0 ’
R o0

H0618-FD616-00

£H0614-00

00613-00

1480
1479
1478

1477 W\

Future
Complete
Entire
Detector
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Summary

e Camera housing production for WCTE (and HK-IWCD) proceeding well after
successful pressure tests in Kamioka

e Evaluating performance of drone positioning systems in large pool laboratory
e Analysis of Super-K photos is progressing

e Thanks to ICRR-IURP for supporting this work!
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ICRR Inter-University Research Program 2022/2023

Neutrino and Astroparticle Research Division

Water Purification R&D
for Precision Neutrino Detectors

AV L Patrick de Perio
February 21, 2024
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Kamioka ;

Water Systems

¢
I ]
; 295 km

e Maintain/operate a Gd-compatible

ultra-pure water purification system at ICRR/IPMU

o Test facility for experiments using water: materials compatibility Hyper-K

soak testing, purification system studies, PMT testing Intermediate

Water
e (Gain expertise and learn from Super-K experts Cherenkov

o  Inform the design and operations of WCTE and IWCD water Detector
purification systems

Water
‘ - > Cherenkov
- e o “Test
. > Experimént L
ERUERN
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Funding Summary

Approved amounts:

Year
2022
2023

Actual spending:
Year
2022
2023

Goods
760,000
200,000

Goods
~333,785
164,386

Travel
0
50,000

Travel
~112,319
0

Total
760,000
250,000

Total
~446,104
164,386

Remainder

306,152*
391,766

*Carried over 18



Funding Usage Details

Approved amounts:

Surplus from original request
of an expensive water
attenuation measurement

~ device, but not enough funding

Year Goods Travel Total
2022 760,000 0 760,000
2023 200,000 50,000 250,000

Lab materials and infrastructure:
cleaning supplies, computer accessories, networking,

chemistry supplies, plumbing, cuvettes for spectrophotometer,

network camera for remote monitoring

Actual spending: \

Helped support PG pressure tests,
consultation with SK Water Team,
obtaining resin and Gd samples

approved to purchase

Year \ Goods Travel Total Remainder
2022 ~333,785 ~112,319 ~446,104 306,152*
2023 1 64,386 0 164,386 391,766

|

More lab materials to support PMT temperature dependence
measurements and materials soak testing:
tank insulation, dehumidifier, power supplies, depth sensors,
plumbing and valves, fuses

*Carried over 19



IPMU/ICRR Water Purification System

Installed and commissioned in 2022, running stably since then

WV-S6130
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IPMU/ICRR Water Purification System Applications

dependence measurements

Underwater PMT performance temperature

E. Watanabe, K. Yoshida

Tests in

Setup

U Tokyo

Circulating at 5L/min.

Dark tub

tub size(internal) :
1004 X 754 X H822 [mm]

volume : 525[L]

z(I)_y - —

(
(

Residual geomagnetic field
near the PMT photocathode

X [MmG] -48
y [mG] -58
z[mG] -22
Total [mG] | 78

HK Collaboration Meeting Feb. 2024

adjustable) ‘j J ] |
| | i !
'L:\ > & d

conditions
Water Circulation
purification system
system
Chiller

Confirmed that the total
magnetic field was suppressed
to less than 100 mG (within the
guaranteed performance range).

* Verify difference between room
temperature operation and detector
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WCTE materials
soak testing by
visiting collaborator
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Summary

e IPMU/ICRR water purification system operating well
o  Supplying temperature controlled water for HK PMT testing
o  Supplying ultra-pure water for materials soak testing

e Thanks to ICRR-IURP for supporting this work!
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Appendix



R14374

Red Lamp Testing

e Spectrum of lamp and lamp+filter
(720 nm cutoff) measured with

spectrometer
o Already showing some

TPMHBO931EB

overlap with typical 3 PMT 100 ———= =i
/ ST
. = [ S v) i
e Measured hit count rate of PMT £ e B T N I
. . . S o 10 < N ’;f i
with lamp on and with filter ES —
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ek 1= l=——
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SubC lamp

Lamp only

Lamp+Filter
expectation
from filter
datasheet
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