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Environmental monitoring with optical method

* Environmental challenges in particular due to global warming
- Clean air
« air pollution due to forest fire, coal burning, automobile exhaust, etc.
- Clean water
« water pollution due to algae growth, pesticides, oil spills, etc.
* Optical monitoring provides powerful information
- Continuous monitoring
* time correlating to identify contamination sources, sending alerts
- Technology advancement in photosensor and light source
« SiPM enables low-cost photon counting, deep UV LEDs, UV-sensitive SiPM

* Opportunity to transfer subatomic physics photodetector technology
- Synergies with neutrino (HyperK) and dark matter projects (hnEXO/ARGO) 5
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Single Photon Air Analyzer (SPAA) project

* Diffractive light scattering from particulates in the sample gas jet
- Laser photons are scattered from each particle in the sample gas
* count rate corresponds and scattering angle — particle size and density
- Scattered lights are focused by an elliptic (point-to-point focus) mirror
* Innovation based on dark matter detector experience
- High sensitivity photon-counting SiPM array and high counting rate DAQ

Optical baffle
(probably better with
o angled fins)
Yy =
E h‘t A éi_é \\ SiPM array
i —® ———
Z A 3‘:‘:‘ SiPM behind pinhole
{7@, N\ | - Limit stray light
’ \]’ I - Limit ambient light leakage
‘ - Limit dust

Gas jet
Perpendicular to plane

Laser




Particle counts over time

Commercialization of SPAA

nts (#/litre)

rticle cou!

100000 300000
Time from start (s)

 Low-cost air quality monitor by Piera systems
- Sensitivity improves significantly by SiPM photon counting
* Proof-of-principle project funded by McDonald Institute is in progress

- Develop NSERC Alliance proposal in partnership with a gas jet engineer
(S. Rogak, UBC) and Piera systems

* Supported by TRIUMF Innovations 5



Water study @ Super-K

Inverse water transparency (1/m)

103 .
Absorption
104 . '
= Mie scatt, -
300 325 350 375 400 425 450 475 500
Wavelength (nm)

" Rayleigh scatt.

SuperK water monitoring is the state-of-the-art

Aatt=10m
?\att=20m

Aatt=100m

light scattering/absorption parameters
in pure water are needed in oceanography:

carbon fixing (Phytoplankton), he

at budget
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Applied Optics 25 (2016)7163

T
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Quickenden and Irvin (Rayleigh Corrected)
Pope and Fry +——e——

Cruz et al.

Kréckel and Schmidt
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Lee et al.
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The results in this study shift the wavelength for the mini-
mum absorption of pure water from 418 to 344 nm. Many
scientists in the large detector field have already been operating
under the assumption that the true minimum of water was
found at a wavelength near 350 nm [25]. On the long wave-

Old SuperK paper is cited

6



Continuous water monitoring of SuperK detector

» Transmission continuously monitored

- time correlation is a powerful tool in P Brob e bo metambene * AT
. . . ushing of newly-installe
ST, U SEEe Mo | et

at Iast SK CM).

* Huge impact in water monitoring _ e
AR MR
- instead of water sampling and lab. test 80% g}é

: e s~ O ‘{f SK-III/IV pure Water range—
Light transmission for 15m water path in % . 75% Ll

%0 'E §
Riue hard: SK-T11 and SK-IV water transparency v 008 A

w ﬁ%m‘% H E
ém ' h. A_ ] | : ) m§ 70% Uv l T :;
. |- s =] filter UV 1aMP
4 = g 65% —exchange Tz
3 o :
gw ; sed zero on y-axis. wl bbbl P T A 1 I
g "3 2021 2021 2[]21 2[]21 2021
v w} 13.31 05.20 07.09 08.28 10.17

0= o - . °
110ec 00Feb 1A 09un O0BiAwg 07/t C6Dec OdFeb O5igr OJun 03Mwg 020ct OLDec 300n 30Mar 20May 280d 265ep 25Mov 240en 25Mar 20May 230ul 2LSep 7
2018 218 2020 2021



Water monitoring concept

flpw flgw
water | switch * In-line continuous monitoring
e I of the water
pump /£

10-20m long, 5cm diam.

(l A

 Pulsed LED light through

10-20m sample water
half
mirror - - 230 - 700nm
‘\ | I . .
—— | - parabolic mirror focus
h - - Relative measurement by
) o— ipe witl . — . .
SPM “127 quartz window quartz window ~— 00 SiPM at source/reception

on linear drive

« Relative to purified water
- ultra-pure (RO)
- particle filter (MF,NF)
- ion exchange resins
- UV steriliser (organic)




Adopted optics

Point-to-parallel focus mirror Angle-to-point focus
used at the twin tower site ring imaging gas Cherenkov

Detector plane
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Does it help drinking water monitoring?

» Spectrophotometer: typical sample size is ~1cm
- Concentrating the sample to enhance the sensitivity
 SuperK solution: ~10m-long water pipe : x1000

 Absorption in 10m water with deep UV light provides
enough sensitivities for drinking water monitoring

- Benzene: common toxin in oil spills

- Microcystin: toxin from blue-green Algae

- NDMA: disinfection byproduct after water treatment

drinking water limit

absorption coeff.

250000
225000
200000
175000 M . t .
150000 1 C rOCyS n
125000
100000

75000

50000

25000

0

190 210 230 250 270 290 310 330 350 370 (nm)

absorption coefficient

Figure 3.5: Molar Absorption Coefficients of MC-LR at Different Wavelengths

absorption in 10m absorption in icm

Benzene

Microcystin

NDMA

5 pg/L
1.5 pg/L
1.5 pg/L

0.04 ug/L

240 /mol/cm @254nm
13,225 mol/cm @254nm
40,000 mol/cm @240nm

10,000 /mol/cm @240nm

1.47% @254nm 0.00147%@254nm
4.5% @254nm 0.0045% @254nm
13.2% @240nm 0.0132%@240nm

1.2% @240nm 0.0012%@240nm 10



Deployment of the water monitoring system

* HyperK project
- Water Cherenkov Test experiment at CERN (2024)
- HyperK near and far water Cherenkov detectors (2027)

* First Nations communities

- initial fieldwork by Arzu Sardarli (First Nations University of Canada)
* Agreements at Cowessess First Nation, Ahtahkakoop Cree Nation
- Community members taught by Arzu, including the Chief of Cowessess First Nation
- Potential to identify the sources of contamination
* one of the communities has water quality issues
* involvement of high school students in the operation and data analysis

» Water treatment facility
- initial fieldwork by Jinkai Xue (U.Regina, engineering)
* Agreement with a full-scale water treatment plant: Weyburn water treatment facility

- “Paradigm change” by dynamically adjusting the water treatment parameters »



Sustainability

« Sustainable operation is a major challenge

- water purification systems at First Nations communities were abandoned due to
maintenance problems

» Multi-layer approach to support local communities in the operation
- Detector development at TRIUMF with an experience of SuperK
* Engineering test of the first prototype
- University groups to test and support the system:
* Five prototypes for beta testing at the participating University groups
- operation, maintenance, testing, and calibration
» Gain experience to support the maintenance and operation at communities
- Development of expertise in the local communities
* First Nations communities with the involvement of students and teachers
* The municipal water treatment facility in collaboration with water research scientists
- Environmental scientists to develop a network to analyze the data
* Development of data analysis and interpretation in collaboration with local communities
* Development of distributed water monitoring network to maintain and expand support. 12



HQP training

* Environmental monitoring project attracts HQP for training
- Proof-of-principle project for SPAA attracts students
* two SFU-TRIUMF MSc students and Edinburgh student
- One UVic MSc student and two engineering students on water monitoring
- potential Swiss post-doctoral fellowship candidate on both project

* Water monitoring project for the First Nations students
- extra-curricular program for First Nations high schools
* interest by First Nations high school teachers
- potential to participate in the Kirkness program
* Master class for indigenous high school students

- Regional Centre of Expertise on education for sustainable development
(RCE, under UNESCO)

* Preparing to become a project of RCE Saskatchewan
* Potential program for Particle Physics Master class 13



« Environmental monitoring plays a key role in prevention (Green Technology)
- clean air, clean water
- climate change makes the situation more challenging
- prevention is more cost-effective than clean-up after contaminations
« Subatomic physics technology could make a difference in environmental monitoring
- Optical monitoring allows continuous and distributed monitoring
* highly sensitive photon counting (SiPM) with fast DAQ
* along with rapid developments in UV LED technology
- Two initiatives are being developed at TRIUMF
* air pollution monitoring:
- early detection of forest fires
* drinking water monitoring

- First Nations communities: identify the contamination sources and send an alert
- Municipal water treatment plant: dynamically adjusting water treatment chemicals

« The program has an important contribution to EDI and HQP training 14
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Mechanical design

Semi-Transparent

Parabolic Mirror Mirror Air-Vent Parabolic Mirror
Water Chambe

Light Sensor (SiPM

PCB Adjustment

UV LEDs

modular design for assembly and maintenance 16



Water filtration system

Concept
—ga® From Water Source
To Test Chamber
Water Purification
N2 In
System Schematics O—|><|—|—|><1—N Blecd
V1.2.1 (06-30-2022) S i j
To Drain Water Vessel ‘
Drain

To Drain
(RO Waste Water)

lon Exchangers RO Elements

- use home water
UV system |l __" N —— I . purification parts
i ¥, - valve and sensor control
using Rasberry-pi

Charcoal/Micro/Nanofilters Pre-Filter & Pump

17



Sub-nsec pulsed LED: Nick Braam (UVic)

Vbias
A
+3.3V Fast LED D1 ™% |4 XZFBB78W _
c1| |0.1uF 50V A Y
; RTVaRs 11 3.3
c2| |1uF f FET Gate Driver LED, K1 .
J 047uFFeedthru GaN FET o, 8 8l b 8 3 5
LVDS Receiver = U2 Q1 A I R I e I
ﬁm o ou 2R et
e T o o o o o
u Clyine  outL FB2—p e SATEL L o 1 | s & § & § s
FAST_LED1_LVDS_ 9 ° g g g 8
FAST_LED1_LVDS_| €2y N enD (B ¥ﬁzogl
% “
6 _R5 .~ ~100R LMG1020 ‘ .
c11 €7
| DS90LV028 —
'4.7pF Film
Vbjas

* LED: deep UV-LED available
LED current - 230nm - 700nm
- a pulse width of 0.6nsec FWHM achieved
* Driver circuit
- GaN gate FET (new technology)
- Capacitor bank to over-drive
 Low cost: $15-25 per channel
- except for LEDs below 270nm (~$100) 18

405nm Low Light Output

SiPM pulse




Optical prototype (Sahar Taghayor)

e parabolic mirror test
to develop

- 1mrad collimation
(1lcm @ 10m)

- stray light
* baffle design
- vibration effect
- alignment method



Prototyping status

April May June July August September October November
~ N o~ oo NN~ NI NN~ NN N n e B A A Al B R H
Task Name Besourcename (§18 § E F|8 8 S5 5|8 558|855 5|2as85asssEeszzEzae
Sl 22 8|ldag=288|ls 385|822 88)|s3 285558 8|5555
olg = F =Slu w oa w wl e w W o~~~ o o o o) ov o on o S = = S ] e e
|Bench
Design Frame Nicolas Ilil
Water Chamber Nicolas 100%|
Light Soure and Reception Nicolas mvil
Manufacturing
Parts Procurement Nicolas | 20% |
Machine Shop |Ms/DsF/kaden 10% ]
Assembly Nicolas/Rick/? |
Eiltration System
Design Flow schematics Philip
Mechanical Design Philip | 100%|
Procurement Philip 50%
Assembly
Piping philip/Rick |
Sensor integration Philip/Rick
Commissionning Philip/Rick/xaden (_‘
|Monitoring and Control
Schematics xaden, Nicolas 100% I
Sensors Procurement xaden | 100%|
Programmation xaden | 30%
Tests Kaden/Nicolas/?
|integration
Assembly Nicolas/Philip/Rick
Commissionning Nicolas/Philip/xaden
Delivery Nicolas/Philip
Imm&mm
Documentation Nicolas/Philip

The first full prototype will be ready in November 2022 for testing

20



Adopted detector technologies

Point-to-parallel focus mirror SK UDEAL Angle-to-point focus
8m-t§ll water monitor ring imaging Cherenkov

uvar aviuawvio

4" Integrating
sphere w/ UV

h d silicon,
photodiode

3 or 4 Laser Pointers
2 or 3 Prof. Diodes >
1 Nitrogen Laser Beam

Detector plane

Splitter
"
L — IDE;L.:G.Sm
~_ | |UDEAL=8.6m
Sight
Supply Pneumatic Tube .
Water Fill Valve 5y
ressure
Sensor

P .
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Potential application to Oceanography

* Lidar
- time of flight on back scattered light
* scattering position is reconstructed
» Atmospheric Lidar
- backscattering from aerosols, clouds etc.
- precise monitoring of the atmosphere
* Lidar for Oceanography
- precise monitoring of ocean water

* backscattered light for a collimated and
pulsed LED light

* Phytoplankton (heat budget, carbon fixing)
- pure water parameter measurements

» SuperK/HyperK detector as 41t Lidar

* main components without contamination

distance d

time t

[ Atmosphere ]

Transmitted Backscatterlight by molecules,
laserbeam aerosols, gases, clouds, etc.

“Transmitter”

“Receiver”

Optical analyzer,

| detector
FIELD
STOP

Beam '
Expander

Data
acquisition,
TELESCOPE computer

)2



multi-PMT with LED calibration system (CFI-2023)

* 200 multi-PMT (mPMT)
- in-situ monitor of water
* collimated light source

* tfransmission and scattering

* back-scattered light for
intensity monitoring

* Technology can be used for
the Ocean monitoring

- similar mPMT developed for
P-One at Ocean Network

Ref: LLC79N7

Narrow Collimator

Optical silicon collimator
32mm® 1.81 Euro
FWHM 3.4 degree




