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Water Cherenkov Detectorsin Japan

Water tank

Good for neutrinos - Large mass & well understood technology

* Excellent performance
*  99% p/e separation
* 2% momentum resolution
» 1°direction resolution

Cherenkov
light cone

[

EM - shower

A Past
. Kamiokande
| 0.7kt fiducial mass
00
.:ég Control room
Beese s purifcation
] Sy, Current
Yo o~ 2 Super-Kamiokande
o - : 22.5kt fiducial mass

1000 20 inch
Photomultiplier Tubes

New technologies
*  Gadolinium (Super-
Kamiokande)

(See Magdalena Posiadala-Zezula's talk for
SK)

*  Water-based liquid
scintillator (THEIA)

*  Photo-detector modules

(Hyper-Kamiokande/IWCD)
(See Aurora Langella's talk for HK)
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Neutrino Oscillation at T2K: Systematic Uncertainty

* T2Kis currently limited by
statistical uncertainty

Super-KAMIOKANDE

- e
__________ -.V e e e, R YN, e'm_— e

b
------- NEUTRINO BEAM

*  Futureexperiments will be

,.
-1° 280m

systematics limited L 295 km
* Largestuncertainty on electron

like samples is Super-K 1Ry 1Re

detector uncertainty Error source FHC RHC || FHC RHC FHC CClzr* | FHC/RHC
Flux 2.9 2.8 2.8 2.9 2.8 1.4
Xsec (ND constr) 3.1 3.0 3.2 3.1 4.2 1.5
Flux+Xsec (ND constr) | 2.1 2.3 2.0 2.3 4.1 1.7
2p2h Edep 04 04 || 02 0.2 0.0 0.2
BGEES low-p, 04 25 01 22 0.1 2.1
o(ve), () 0.0 0.0 2.6 1.5 2.7 3.0
NC v 0.0 0.0 1.4 2.4 0.0 1.0
NC Other 0.2 0.2 0.2 0.4 0.8 0.2

" SK 2.1 1.9 3.1 3.9 13.4 1.2

Total | 30 40 || 47 59 143 | 43

P. Dunne, Neutrino 2020, https://zenodo.org /record/4154355
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Future T2HK Experiment

New Intermediate Detector!

Near detector complex
Beam facility

£ Hadron Beam Facility
Materials and Life Science
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Hyper-Kamiokanac

Mt. Noguchi-Gor

M. tleno-fama Intermediate Water Cherenkov Detector
1360m 4

! 1,700 m below sea level

I Neutrino Beam

295 km

L. Anthony 4



Imperial College
London

Water Cherenkov Detector Limitations: Secondary Interactions

e Super-K uncertainty includes detector effects and Charge Exchange W fno®

uncertainties in secondary interactions of pions woane

Ring 1 Ring 2
and nucleons

Quasi-elastic
Scatter

* Little data and very difficult to model

Super-Kamiokande
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Water Cherenkov Detector Limitations: Energyscale

v Mode e-like

1.03 . .
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e Super-Kamiokande currently has 2% momentum resolution 1025 | —— 12° shift in 8¢p
——— 0.5% energy scale shift
1.02 +
4 LRARLY B L B | LA LLLL DR ELLLLLL LR AL | LRALLLL B LLLL B LLLL | LAY BEELELELLLLLL B | - 1015 |
;;? SK-1 1- SK-ll SK-ll SK-V _g 101 L
= +
a ] STTTPRN R ..;..i. - ‘..‘+ - ;- - +. . g 1005 |
o +* L T —i; + 4 * _E 1L
-0 _ ! ey i ke : =
N T i s 1= AR
=] ,1..
S - 0.985 r Hyper-Kamiokande
4 Ty ey sooping 1 FETTTT BETRE T REPETTIT B AP BT EPE I BT | AT BEPETRTTT BT | 0.98 ‘ ‘ ‘ ‘ ‘ ‘
10° 10° 10* 10° 10° 10° 107 10° 10 107 10° 10° o 02 0.4 06 08 1 12
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Energy [GeV]
DOI : 10.1103/PhysRevD.97.072001 v Mode p-like
1.06 .
. _Nomigal
» Detector energy scale uncertainty impacts oscillation analysis Lo | 0_500;05‘;’212?;;;2;1{};;;
* Systematic errors present degeneracies in oscillation 1.0% energy scale shift
parameters 3 1oy JZI:
g
g 1 L = T 4
* Degenerate with §.p in e-like samples and with Am%2 in p-like g L - —
samples 2 098 | [ _|_|_|_4|—'_'_'_'_._._'—
| [
|__I_
* Develop calibration program to reduce uncertainty on energy 096 1 ]
scale as much as possible Los | | ~ Hyper-Kamiokande
0 0.2 0.4 0.6 0.8 1 1.2
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Working towards reducing detector
systematics:
The Water Cherenkov Test Experiment

(WCTE)
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The Water Cherenkov Test Experiment

(WCTE)

Small scale Water Cherenkov detector to be commissioned at CERN in 2023/24

* Potential to become platform for neutrino measurements at CERN

~3.8 m * 3.8 m cylindrical detector

* Proposaldocument can be found here:
http://cds.cern.ch/record/2712416/files/?In=en

Gadoliniumsulphatedoped

Water Cherenkov
Aerogel Detector

Threshold
Wire Chambers Shielding

| I

TOF TO

Permanent  Sepu-
Magnet (0.1 TM)

3-4m LN
L. Anthony
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WCTE Physics Program

 Studies of Cherenkov light production/processes

 Study at low momenta near Cherenkov threshold Y EaptEE & Antineuting GOQE:
* Delta rays and scattering make Cherenkov angle calculations w\%./\ @\%
more challenging
e Energy scale calibration Sy i

* At Super-Kthe current systematic uncertainty on overall
energy scale is 2%

* Needs to reduce to 0.5% for Hyper-K

e Secondary neutron production
* Used for neutrino/anti-neutrino tagging in Super-K-Gd and Hyper-K

* Pion scattering
* Reconstruction of Pions in final state is challenging

* Limited hadronic scattering data on Oxygen and hard \
to model .

L. Anthony 9
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Experimental area @ CERN

* T9 beam line in the East Area - secondary particle beam with momenta
ranging from ~400 MeV/c to ~1500 MeV/c

e 40m long secondary
beamline

* Lower energy Pions
decayin
flight

* Need tertiary
production target

L. Anthony 10
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T9 Beamline @ CERN

Two beam configurationsavailablein T9 area - Momentum range 200 — 1200 MeV/c

1. Tertiary beam position for low momentum pion and proton fluxes

*  There may be an option to use only one beam position if the low momentum beam tuning goes well later

this month

Tertiary Beam 11.2m

L. Anthony 11
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T9 Beamline @ CERN

Two beam positionsavailablein T9 area
1. Secondary beam position for electron, muon and proton fluxes

Secondary Beam e

-~

L. Anthony
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WCTE Detector Instrumentation

* Nineteen8cm diameter PMTs (Hamamatsu R14374) - multi-PMT modules (mPMT)
* Improved granularityand timing compared to larger PMTs

* Integrated LED calibration system within mPMT module
Optical gel

8 cm PMT Acrylic dome

Plastic PMT cups
Clamp ring

Cylinder

PMT matrix

\

Scintillator plate

Electronic board
Steel plate

L. Anthony 13
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WCTE Detector Design

e (Calibration deployment system mounted on support structure and lid

* Permanently deployed inside detector

Calibration deployment system (CDS)

L. Anthony 14
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WCTE Calibration: CDS

CDS — Central Deployment System
Designed for the Water Cherenkov Test Experiment

Feed System:
Vertical Movement
AxisZ

3 Axis System
e X-—Laser ball fromvertical center line, radially to edge

* Y- Rotation aroundtank +/- 180 degree
Out of water CDS:

Rotation around Detector
AxisY

e Z—LaserBall vertical +/- in tank

In Water part of CDS:
From CL radially out
Axis X

Sources
* Isotropiclightsource
* Camerafor photogrammetry
* Radioactive source L. Anthony 15
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WCTE Calibration: Isotropic Light Source

* Imperial group is designing/fabricating a
laser diffuser ball and associated
deployment system for HK/IWCD/WCTE
to measure:

*  Geometry \. /
. Water 7 ~—
* Reflections
*  PMT response
* Timing

P R ——

| —"

* Build on SNO/SNO+/DEAP3600 design
* Quartzflask
e Suspended glass spheres
e Optical gel

* Using WACKER silgel
* 612 (softersetting)
* 604 (harder setting)

* 3Mglass microspheres @ 0.4% by mass
L. Anthony 16
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Prototype @ Imperial: CDS

~' Dark box !

—

L. Anthony
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summary

* T2K has made some of the most precise measurements of neutrino oscillation parameters
* Will eventually become stats limited -> Build bigger detector!
* Even with bigger detector we will become systematics limited
* Buildan intermediate detector to measure Xsec!
* Build a test experiment toimprove methods of reducing detector systematic errors!

* Reduce detector systematics using a test experiment (WCTE) to:
* Test new technologies
* Measure secondary particle interactions
* Performing in depth simulations and reconstruction studies
* Demonstrate 1% level detector calibration
* Custom calibration systems!

* Crucial for future experiments!

 WCTE Recommended by SPSC for beam time in 2024 — new collaborators
welcome! - Feel free to get in touch if you are interested.

L. Anthony
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Backup

L. Anthony
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Neutrino Oscillation: Theory

* The PMNS matrix describes neutrino oscillation as a product of 3 matrices corresponding to 3 different
neutrino sectors:

@:mospherii- Am3,, 023) @actor/Accelerator - Am%l,ﬂb/(SOIar - ﬁm%wGl?)\

1 0 0 C13 0 6_16813 C12 s12 0
Unai = 0  co3 o3 0 1 0 —s12 c12 0
0 —s93 093 —671’5813 0 C13 0 0 1
N AN AN
Parameterized by 3 mixing angles and a CP violating phase delta 6

Non-zero off diagonal elements implies that a neutrino of one flavouris a
combination of multiple mass states

CP violating phase has been constrained to be in this region: — F

o corresponds to neutrino flavour (e, 1)

i corresponds to the neutrino mass eigenstate
c correspondsto cosine

s correspondstosine

6 correspondstothe CP violating phase T2K Nature paper, spring 2020

L. Anthony 20
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The T2K Experiment

— Hadron Beam Facility
Materials and Life Science
Experimental Facility 71
S5 /@
R
< — :
: —\ W
N
‘o

5 g X ¥’ Neutrino to
= Kamiokande =
3 GeV Rapid Cycle [ -
50 GeV Main Ring
Synch. (25 Hz, 1MW) (0.75 W)
R

J-PARC = Japan Proton Accelerator Research Complex

Super-Kamiokande [

M. tkeno-Yama

s . i 1,700 m below sea level

Neutrino Beam

295 km

* Physics goals:
* Measure neutrino oscillation parametersin vy disappearance
e Search for CP violation in neutrino sector
* Neutrino X, measurements using near detectors

L. Anthony 21
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T2K Experiment: Super-Kamiokande

Super-KAMIOKANDE
* 50kton water Cherenkov
detector ~40m * 40m sy R {T—-}d}ﬁha———'% m
¢ ~11000 20" Hamamatsu | 7 - ° 20
PMTs in the inner detector

e ~2000 8" Hamamatsu PMTs
in the outer detector

1 e-like ring

1 e-like 1 decay-e
ring

>
o
=
g
B - in v-mode
> afF g = =
0} -2 ] o] .- .
3 Z 2 2 likely to be
Z [v-modem: 2w Z lv-mode |m Y
z SE 3 Ex £  absorbed
z 2 3 |
g mm § L ] [T
3 o mZ z H NC
k] sw k] e
i £ £
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Z z Y z
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Reconstructed v energy (MeV) Reconstructed v energy (MeV)
o o )
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Reconstructed v energy (MeV) Reconstructed v energy (MeV) Reconstructed v energy (MeV)
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T2K Experiment: Data

e Super-Kamiokande has beenin
operation for ~25 years

Super-KAMIOKANDE

2 V’\/\%% ,,._,____1_._’ m

* T2Khas been taking data for ~10

b
....... NEUTRINO BEAM

1% 280m
years L 296 km
* Made some of the most precise
measurements of neutrino . ..
e T2K Run 1-10 Preliminary T2K Run 1-10 Preliminary
oscillations - c . :
2 12:94 events | v-mode e-ring E 25? v-mode p-ring
Q F L a0 318 events
c 12 GCD C
2 10F- > ¢
w '°r W 15—
8 [
; H )
45— - :
o e
2f - -
0: :—!-. | I I | - L 1 O{I-IL] 1 1 | | m..llm
o 2E
g g
o o iE [T
2 =L < osE B
: i -+ g T ML
E o 02 - ‘ ' ‘ T T
% 02 0.4 0.6 08 T %0z 04 06 08 1 12 14 16 18
Reconstructed Neutrino Energy [GeV] Reconstructed Neutrino Energy [GeV]

P. Dunne, Neutrino 2020, https://zenodo.org /record/4154355
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Neutrino Oscillation at T2K: Results

World leading measurements of atmospheric neutrino parameters

b

T2K Run 1-10 Preliminary

x 10

-5 [T T LA LA L LB LB B INLEL BN BLBREN
]
a3 = T2KrunI-10 - Super-K 2020 —
- i + Bestfits ]
& R —— NOvA 2020 IceCube 2017 _
e 28 —
= i i
q - -
2.6 —
24 .
22 .
- 90% CL. -
- Tt s Normal ordering ]
24 S I N R B A B
0.35 04 045 0.5 0.55 0.6 0.65

singﬁn
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B — ] L T [ T T [ T T T T T T T
o 3F \—/ ]
7o) o .
2 - I:l PDG H” Constraint 7
N T2K only 90% B
1= == TIK only 68% u
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0 7
™ T2K+Reactor Preliminary 90% n
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- i
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- 2

sin“0

6,3 measurement @ T2K is consistent with
constraintfrom reactor neutrino

experiments

L. Anthony
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Antineutrino mode e-like candidates
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Neutrino Oscillation at T2K: Results

World leading measurements of atmospheric neutrino parameters

T2K Run 1-10 Preliminary

T T I T T T I T T T I

24 - =
N - . ]
2 —
- ", ]
201 ., -]
- ‘-‘-‘; -
18]~ \ -
T — sin’8,, = 045,050,055, 0.60 ]
- — Amj, = 249107 eV? s
o Aml, = 246x107 eV? i
B [e] aL'P =1 n
14— w 5.,=+12 —
- O 8p=0 .
l 2 — @ ﬁn.: -2 —
- 68% syst err. at best-fit -
10 - v Bestfit 7
- =&= Data (68% stat err.) -
1 M BT B M I I M
Eil] 40 60 80 100 120

Neutrino mode e-like candidates

PMNS best fit around maximal CP-violation
Weak preference for normal ordering
Weak preference for upper octant

L. Anthony

T2K Run 1-10 Preliminary

T L o e e e e o e e e I e ML H B B e e
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15 T Ef __ ]
- [ JascL .
10 —
sk .
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-3 -2 -1 0 | 2 3
6CP

Large region excluded at 30
CP conservation at (0,mt) excluded at 90%
confidence level
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Antineutrino mode e-like candidates
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Neutrino Oscillation at T2K: Results

World leading measurements of atmospheric neutrino parameters
T2K is statistics limited!

T2K Run 1-10 Preliminary T2K Run 1-10 Preliminary
24~ ' g L B BRI B BN O
- < 25k -
.. C Normal ordering 7]
B [ o ) -
20F- s, : 20 C Inverted ordering ]
- N C 1o CL ]
18 - S e0%oL ]
[ — sin’,, = 045,050,055, 0.6 15 g 20 CL SN -
F — Amy, =249x107 eV? L da GL i
16:_ --o- Am = —2.46x107 eV L / \ ]
14 5 i 1of> N 3
- O d=0 B ]
12 ® d=-a2 K ¥
C 68% syst err. at best-fit 5
- Best-fit I
10 :_ -;-L)m;masf.a stat err.) & 0
T [ e T [ I ot ] B [ PSSR
50 40 60 80 100 120 =. =2 -1 0 1 2 3
Neutrino mode e-like candidates Oce
PMNS best fit around maximal CP-violation Large region excluded at 3 sigma
Weak preference for normal ordering CP conservation at (0,pi) excluded at 90%

Weak preference for upper octant
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Future of the T2K Experiment

Far detector:
Hyper-Kamiokande

Near detector complex

Beam facility

Hyper-Kamiokande (

Neutrino Beam

1.3 60m
{1,700 m below sea level . ‘
-~ . &9

295 km
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Hyper-Kamiokande

* Neutrino oscillation physics

e Accelerator Neutrino oscillation parameters
* Atmospheric '| Charge Parity Violation (CPV)
* solar

\ 4

* Nucleondecay

GUTs |

Supernova detection

\ 4

* Supernovaneutrinos

Dark matter searches

* Astrophysical neutrinos GRBs

* Longbaseline measurements using 1.3MW bean x 6 cycles/year x 10years

: _— *  Fiducial mass of 188 kton
e R " ~40000 PMTs in the inner detector

e Combination of 20" PMTs and "multi-PMT" modules
* Higher statistics than Super-K

L. Anthony 28
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Neutrino Oscillations @ Hyper-Kamiokande

Neutrino mode : appearance Anti-neutrino mode : appearance
HK 10 years 12.75,33 POT lli-‘ vi¥) : o HK 10 years (2.7E22 POT 1:3 vi¥)
E — 0By =0 £ ““7F ! ! ' Ne—sgwo
250 S 200 g . . .
: —tgez | B 1mb nends Bigger detector = more statistics!
200 —d =2 c 160 A
r -EE 140 i
o — = 4T E O, =
1501~ o 23 12()5_ |=—dp=1n ]
ok 1 % Using current T2K ND measurements,
- ] wé- —f . - .
ik i o E HK becomes systematics limited
g ~2740 events B 20f 1624 events .
0(; 0.‘4 uf(, ()Tx > ™ ; |f3 (,0— ﬂr‘.! s (?4 ()'.6 OTX i ll.2
v Reconstructed Em?'rgy (GeV) /’"/ v Reconstructed Energy (GeV)

2

—— I L e e e e e e e L T
16 —————  Statistics only
]4:_ -------------- Improved syst. (vJ/¥, xsec. error 2.7%) 20
[ e T2K 2018 syst. (vJ/¥, xsec. error 4.9%) 0
12F

sin(8.p) = 0 exclusion ( Ay

Expected @6=-n/é

HK 10 years (2.70E22 POT 1:3 v¥v)

10
8

IlllliIIIIIIIEIIIiIIIi

— Statistics only

LA L R L LA AR LR L

Improved syst. (v/¥, xsec. ermor 2.7%

6
4
2

w T2K 2018 syst. (v./V, xsec. error 4.9% )

. values excluding sind.,=0 (%)
=

2 3 4 s 6 7 8 9 10
HK Years (2.7E21 POT 1:3 viv)

=]

0 1
Hyper-K preliminary
True normal ordering (known)

0

Hyper-K preliminary True & sin’(f,,) = 00218 sin’(B,,) = 0.528 1Am3,| = 2. 509E-3
True normal ordering (known) Cp

sin’(8,;) = 0.0218 sin*(@,;) = 0.528 |Am7,| = 2.509E-3
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Future T2HK Experiment

Far detector New Intermediate Detector!

Near detector complex

Beam facility

£ Hadron Beam Facility
Materials and Life Science
t;ﬁmm o]
= <
..?’ :
-
Nuclear S e

. R ~

LA e
> 3

Hyper-Kamiokanac

Mt. Noguchi-Gor

M. lkeno-Yama Intermediate Water Cherenkov Detector
1360 m 4

! 1,700 m below sea level

I Neutrino Beam

295 km
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T2HK Experiment: Intermediate Water Cherenkov
Detector (IWCD)

To help address the systematic uncertainty limitation in Hyper- Nominal off-axis
Kamiokande, the "Intermediate Water Cherenkov Detector" (IWCD) angle range
has been proposed.

e 300t water Cherenkov
detector

Off-axis Angle (°)

* Measure neutrino X, — ‘
with same angular 05 1 15 2 25
. Neutrino Energy (GeV)
resolution as the far
d etector selected e- events in v, sample (1 - 4 9)

e Detect small
V, presence in the
unoscillated beam
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T2HK Experiment: Intermediate Water Cherenkov
Detector (IWCD)

Selected 1-ring e-like Events v-Mode Selected u-like Events v-Mode Selected NC n'-like evenls v-Mode
@

e Simultaneousfit of 3samples = mronc | | oo
1 H } - :E::e é 8000) _3"00
* 1-ring e-like FHC/RHC " Snove T =i

e 1-ring p-like FHC/RHC -
*  NCr°-like FHC/RHC y

o ¥ & 3 3 & B

* Fitin one and two dimensionsto
extract v, and v, X, errors

HK 10 years (2.70E22 POT 1:3 vV)
I T T T T I T T T T I T T T T [ T T T ‘ T T

Statistics only

-------------- Improved syst. (v./V, xsec. error 2.7%)
------------------------- Improved syst. (v./V, xsec. error 4.9%)

e e = Improved syst. (binned v./V, xsec. error impact %)

* Apply X, errors to HK oscillation
analysis

0 exclusion ( W )
55

sin(8p)
=] ra =y [=3] ==}

Constraint | Erroronv,/v, event rate

—
=]
I\\lll‘l\ll\l\llllllllll

RN
: ) Dids
soailn

ratio at HK (%)

| T P
-3 -2 -1

Theory 4.92
Hyper-K preliminary
IWCD 3.78 True normal hierarchy (known)

sin¥(8,,) = 0.0218 sin*(0,;) = 0.528 |Am3,| = 2.509E-3
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WCTE Simulation

* Using Water Cherenkov Simulation (WCSim) software to produce detector simulations

* Open source GEANT4 based software developed for simulatinglarge water
Cherenkov detectors: https://github.com/WCSim/WCSim

* Included mPMT modules and calibration system

* Calibrationsystemincluded by importing CAD model into GEANT4 using open
source CADMesh software: https://github.com/christopherpoole/CADMesh
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WCTE Detector Design

etector: | Massig__

Vessel (inc 4,700
movement sys)

mPMT Support 7,000

Structure - (eachmPMT @
populated 41Kg)

Lid 1400

Water 42,000

CDS 200

(total CDS)

Total Approx. 55,250

L. Anthony
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Section of Tertiary Beam into Detector

L. Anthony
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Section of Secondary Beam into Detector

L. Anthony
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WCTE Detector Design

Extendible beam window mounted on
detector wall for use in secondary
beam configuration

Position particle e
detector centre

Secondary
Beam Window

!" OICOOW
PpeeoMm

(=D
e O O,,QDI" f
m 0

L. Anthony

Tertiary Beam
Window

Removable
part
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WCTE Detector Design

Detector Dimension mm

Diameter of Vessel 3800

oD

Outermost 3960
Diameter

Height* 4180

*Height from top of lid to
the rollers

L. Anthony
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Movement System

L. Anthony
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Aerogel
i | Wire Chambers Threshold _ =
Tertiary beamline | Shieiding
TOF TO /
 TOF detector with
100ps resolution RPCs
Target
* Verygood mass . g
: ermanent 00Oy s s
separation (below) Magnet (0.1 TM) "ary, Bors e
"eCtiog ...
@eecron | ) b .
T - DMuon 3 4 m
< L 5 Pion
S B [777] Kaon
@ 1:_ Proton
2 0.8 s
=  Gasand aerogel
*§ e E Cherenkov
z OAC g detectors
S 02f ] for higher
; ] momentum PID

06 08 1
Momentum (GeV/c)
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WCTE Calibration: CDS

Whole system and isotropic light
source being designed and built at
Imperial

UGHT TIGHT ENCLOSURE

Movementin 3 axes

Deploy sources at user defined
calibration points e
Sources
* Isotropiclight source
 Camera for photogrammetry
e Radioactivesource

WATER LEVEL
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Imperial College
London

Isotropic Light Source

e Umbilical Termination
o Uses ThorLabs bulkhead HAFC connector to mate fibre with quartz rod
o  Sealed connection with optical gel to remove any air gap
o Parts being fabricated at Imperial for prototype

e Weight will also be mounted around clamp and will use fluid seal to ensure is water tight

Thor Labs Sleeve
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Imperial College
London

Prototype @ Imperial: Diffuse Light Source

* Developing, building and testing a laser diffuser ball based on the SNO+ design

109mm Quartz glass flask - Built a test facility to measure the

uniformity of the diffuser ball

.‘;

PMTs : 4 x Hamamatsu H2431-50

L. Anthony 43



Imperial College
London

Photogrammetry

P. de Perio, N Prouse

*Detector geometry and source position measurements using
stereoscopic reconstruction with photographs

Calibration Lowered
source camera

*Mitigate uncertainties due to:

«Construction tolerances / imperfections
«Stretching / twisting of support structure
due to PMT buoyancy

*Source deployment positioning

Fixed
cameras camera

b 4B 46>
44

Similar to aerial
topographical surveying
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Imperial College
London

Photogrammetry

P. de Perio, N Prouse

Overview of photogrammetry analysis

Detected points 1
Checkerboard origin 1
Calibration > ?8“0?'
photos calibration
1 1
1 1
Photos of Undistorted
detector L images
1
L]
Feature detection e
Feature matching 1

' EEses
3D stereoscopic reconstruction o —=
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Imperial College
London

Photogrammetry

P. de Perio, N Prouse

Camera M Ou nti ng Shubham Garode (TRIUMF)

Dome aligned
with axis of lens

Conceptual designs for
housing and mounting
between mPMT modules
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Imperial College
London

Radioactive Sources

J. Renner

.. Brass rod holds 252Cf source
at the center of the ball

* NiCf—Isotropic gamma source
* Based on Super-K calibration source
e Used to study water quality

_. 6.5kg of NiO and 3.5 kg
""  polyethylene

Isotropic gamma
source

(https://arxiv.org/abs/1307.0162)

* Developingprototypes and simulationsfor WCTE

241Am — 237Np+ﬂi

* AmBe — neutron source ‘Be+a— 2C+n+ry
* Used for neutron tagging studies and Gd concentration
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