


Introduction

• I am Saurabh Patil

• I am from India

• Currently Masters Student at TU Delft, Netherlands

• Studying –Mechanical (Precision Engineering)



Water Cherenkov Detector

• Cherenkov radiation observed when a charged particle travels 
through a transparent medium (like water) faster than the 
speed of light in that specific medium.

• As the high-speed particle travels, it emits a forward-pointing 
cone of blue light; a distinct circular pattern known as a 
Cherenkov ring.

• A Water Cherenkov detector is a large, light-tight tank filled 
with ultra-pure water and lined with highly sensitive light 
sensors (mPMTs) to capture these faint rings of light.

• The IWCD will observed Cherenkov light produced by 
neutrinos from JPARC accelerator.

• By analyzing the size, sharpness, and intensity of the recorded 
ring, physicists can reconstruct the particle's trajectory, 
measure its energy, and identify its type (such as 
distinguishing a muon from an electron).



Introduction
• Worked on Mechanical Design of  WCTE before..
• Loved working on it 

Happy this 
worked

Water Cherenkov Test Experiment Cern-T9



Introduction

• Worked on Mechanical Desing of  WCTE before

And this did 
not happened 

☺



About IWCD

• IWCD is a movable water Cherenkov near 
detector to observe J-PARC bean neutrinos 
flying towards Hyper-Kamiokande, 

• The tank has an
• Inner Detector (radius 3.5 m, height 8 m) 
• Outer Detector (radius 4.4 m, height 10 m), 

• Photodetection by about 400 multi-PMT 
modules (50 cm diameter module with 19 
PMTs -8 cm aperture). 

• Observe JPARC accelerator neutrinos before 
neutrino oscillations

Fig 1: IWCD

J-PARC beam -ν



Motivation of the Project

• The IWCD will consider events at a 1 m distance from the 
Inner Detector wall surface. 

• To calibrate the Fluidical volume event consideration the 
idea is to use a know source of muons to calibrate.

• The cosmic ray muon pipe serves this purpose. 

• High-energy muons, generated by primary cosmic rays 
interacting in the atmosphere, produce Cherenkov light 
upon traversing the water volume.

• The pipe extends in to the fluidical volume and the position 
of the event is at the end of the pipe. This information can 
be used to check the biases in the event re construction 
algorithm,

Cherenkov Light

Cosmic Ray Detector



Cosmic Ray Muon Pipe in IWCD

• The cosmic ray pipe will be installed on 
the lid top and is expected to be used at 
variable calibration ports on the lid.

• The device will be lower from the 
calibration port shaft.

• When one of such muon travel in a way 
that it is detected by the two scintillator 
we now know the exact position of the 
vertex of the Cherenkov light.

• This information is then used to check 
the biases in the event reconstruction 
algorithm

Cosmic Ray

Cosmic Ray Device
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Fig 2: IWCD Detector with Cosmic Ray Pipe 



Goal 1: Estimation of cosmic muon rate through the device

• Calculating the Geometrical Acceptance and Effective Area

• where,  

Ref: Analytical derivation of the geometric factor of a particle detector having circular or rectangular geometry," J. Phys. E: Sci. Instrum. 5(3), 260. https://doi.org/10.1088/0022-3735/5/3/024

https://doi.org/10.1088/0022-3735/5/3/024
https://doi.org/10.1088/0022-3735/5/3/024
https://doi.org/10.1088/0022-3735/5/3/024


Goal 1: muon flux study through variable aperture

• The flux data is of the form:
 Note the azimuthal flux is assumed constant

• For the rate per second Γ:

•  

Fig 5: Input Data Snap *add citqatio the paper



Input Flux Plot

same input plot with heat map * make the labels bigger and also create a diagmra

the muon flux data used was created by Ozaki San at TUS, for noise 
study created by high energy atmospheric muon creating short lived 
isotopes

Cosmic muon flux vs energy distribution 
for different azimuthal angles



Results

Muon Flux rate for 1m pipe

The required statistics of  muon rate is 100 particles /day, the 



Goal 3: Mechanical Design Requirements

• Pipe Length ≤1m for boundary fucidial cvol

• Pipe Diameter ≤ 200mm 

• Pipe Material SS304 or SS316

• Water tightness– up to 3m in water operational depth

• PMT – 2 inch or 3 inch PMT

• Cable bend radius( assuming  RJ174  – 10 X D) > 40 mm (max radius it bend out)

• Water tightness around the cable as well

• The device needs to be lowered into the tank 



Pipe Selection SS304/316 (JIS G 3459)

If 200 OD port

• NPS -6

• OD 165.20 mm

• SCHEDULE 5 

• ID = 165.2 -2*(2.8) =159.6 mm

If 240 mm port 

• NPS-8

• OD- 216.3mm

• SCHEDULE 5 

• ID = 216.3-2*(2.8)= 210.7 mm

Ref: https://jis.jts-tokyo.com/stainless-pipes-standards/ 

https://jis.jts-tokyo.com/stainless-pipes-standards/
https://jis.jts-tokyo.com/stainless-pipes-standards/
https://jis.jts-tokyo.com/stainless-pipes-standards/
https://jis.jts-tokyo.com/stainless-pipes-standards/
https://jis.jts-tokyo.com/stainless-pipes-standards/
https://jis.jts-tokyo.com/stainless-pipes-standards/
https://jis.jts-tokyo.com/stainless-pipes-standards/


PMT selection & guide
PMT:
• Standard 2 Inch PMT
• 60 mm Diameter
• PMT Length = 236 mm

Ref:  https://www.hamamatsu.com/jp/en/product/optical-sensors/pmt/pmt-assembly/head-on-type/H1949-51.html 

Guide:

• Desired in a PMMA conical guide with shortest length

• Current assumptions 80 mm length

• Wrote to a supplier for quote, waiting for response 

https://www.hamamatsu.com/jp/en/product/optical-sensors/pmt/pmt-assembly/head-on-type/H1949-51.html
https://www.hamamatsu.com/jp/en/product/optical-sensors/pmt/pmt-assembly/head-on-type/H1949-51.html
https://www.hamamatsu.com/jp/en/product/optical-sensors/pmt/pmt-assembly/head-on-type/H1949-51.html
https://www.hamamatsu.com/jp/en/product/optical-sensors/pmt/pmt-assembly/head-on-type/H1949-51.html
https://www.hamamatsu.com/jp/en/product/optical-sensors/pmt/pmt-assembly/head-on-type/H1949-51.html
https://www.hamamatsu.com/jp/en/product/optical-sensors/pmt/pmt-assembly/head-on-type/H1949-51.html
https://www.hamamatsu.com/jp/en/product/optical-sensors/pmt/pmt-assembly/head-on-type/H1949-51.html
https://www.hamamatsu.com/jp/en/product/optical-sensors/pmt/pmt-assembly/head-on-type/H1949-51.html
https://www.hamamatsu.com/jp/en/product/optical-sensors/pmt/pmt-assembly/head-on-type/H1949-51.html
https://www.hamamatsu.com/jp/en/product/optical-sensors/pmt/pmt-assembly/head-on-type/H1949-51.html
https://www.hamamatsu.com/jp/en/product/optical-sensors/pmt/pmt-assembly/head-on-type/H1949-51.html


Frame Design

• SS304 off the shelf or cut weld 
components

• One single frame to slide into the Pipe
• Yet to define manufacturing process
• Space for cable pull out
• Water tight



With the whole assembly
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Event Display – Point 1 – (400 MeV , 1000 MeV)
3 (205, 300, 84.5) 

Radius [cm] Coordinate [cm] Vector ( ො𝑥, ො𝑦, Ƹ𝑧) Zenith angle[deg], z=0

For ALL 205, 300, 84.5 0 -1 0 0

1 205, 300, 84.5 0.019996  -0.999800 0.000000 1.145

2 205, 300, 84.5 0.039968  -0.999201 0.000000 2.29

3 205, 300, 84.5 0.059892  -0.998205 0.000000 3.43

4 205, 300, 84.5 0.079745  -0.996815 0.000000 4.57

5 205, 300, 84.5 0.099504  -0.995037 0.000000 5.71

6 205, 300, 84.5 0.119145 -0.992877 0.000000 6.84

7 205, 300, 84.5 0.138648 -0.990342 0.000000 7.96

8 205, 300, 84.5 0.157991 -0.987441 0.000000 9.09

9 205, 300, 84.5 0.177153 -0.984183 0.000000 10.20

10 205, 300, 84.5 0.196116 -0.980581 0.000000 11.3



Goal  2: Event Displays– 400 MeV

R =10 cm – 11 degR =10 cm – 0 deg



So Far …..
1. Flux through the aperture calculations

2. Event Display

3. Defining design requirements for the Final Design

4. Iterations and Ideas on Mechanical Design

5. Flux Calculations recheck

3 days Work at Tokyo Univ. of Science –event displays
Prof. Ozaki (right) and Prof. Ishitsukas students (left)

Meeting at Science Tokyo ( Tokodai) – meeting on work discussion 
Ishitsuka-san, Akutsu-san and Mastumoto-san

JPARC-Tour by Matsubara 
( grateful to him for this)

Izakaya Dinner at 
Sakashita-sans farewell 



More Photos

IWCD Site

IWCD prototype



Moving Forward Plan of Next 15 days

Next
1. Discussion and Conclusions from Event Display

2. Design the installation rack

3. Design of Lifting Lug

4. Structural Simulation Check

5. Cable water tight design

6. Overall Assembly Procedure



Thanks
Acknowledgement to 
Akutsu-san, Mastubara-san, Ishitsuka-san, Ozaki-san, Piotr-san, Meghan-san, 
Matsumoto-san , Tanamura-san and Neutrino Group for all the learnings and support
Sakshita-san and KEK Admin team for the opportunity.



With Added Frame



Code Verification

• Check against the approximation of 1 
particle/s through a palm ( D= 8 cm ). 

Flux rate is around 0.95 ≈ 1



What I discussed with Akutsu San

• Design the rack for the detector assembly

• Check the wire bend clearance 

• Try to check the flux for lower radius 

• It would be better if the calibration port can be moved around

• Reach out the company for custom light guide



Results

flux variations for different lenghts



Goal 1: muon flux study through variable aperture

Differential number of events observed perday vs radius ( L=100cm)



the heat map arranged in four quadrants for overall flux picture
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Event Display – Point 1 – (400 MeV , 1000 MeV)
3 (205, 300, 84.5) 

Radius [cm] Coordinate [cm] Vector ( ො𝑥, ො𝑦, Ƹ𝑧) Zenith angle[deg], z=0

For ALL 205, 300, 84.5 0 -1 0 0

1 205, 300, 84.5 0.019996  -0.999800 0.000000 1.145

2 205, 300, 84.5 0.039968  -0.999201 0.000000 2.29

3 205, 300, 84.5 0.059892  -0.998205 0.000000 3.43

4 205, 300, 84.5 0.079745  -0.996815 0.000000 4.57

5 205, 300, 84.5 0.099504  -0.995037 0.000000 5.71

6 205, 300, 84.5 0.119145 -0.992877 0.000000 6.84

7 205, 300, 84.5 0.138648 -0.990342 0.000000 7.96

8 205, 300, 84.5 0.157991 -0.987441 0.000000 9.09

9 205, 300, 84.5 0.177153 -0.984183 0.000000 10.20

10 205, 300, 84.5 0.196116 -0.980581 0.000000 11.3



Event Displays Pt 3- 400 MeV

R =10 cm – 0 deg R =10 cm – 11deg



Event Display – Point 2 – (400 MeV , 1000 MeV)

Radius [cm] Coordinate [cm] Vector ( ො𝑥, ො𝑦, Ƹ𝑧) Zenith angle[deg], z=0

For ALL 205, 300, 84.5 0 -1 0 0

1 205, 300, 84.5 0.019996  -0.999800 0.000000 1.145

2 205, 300, 84.5 0.039968  -0.999201 0.000000 2.29

3 205, 300, 84.5 0.059892  -0.998205 0.000000 3.43

4 205, 300, 84.5 0.079745  -0.996815 0.000000 4.57

5 205, 300, 84.5 0.099504  -0.995037 0.000000 5.71

6 205, 300, 84.5 0.119145 -0.992877 0.000000 6.84

7 205, 300, 84.5 0.138648 -0.990342 0.000000 7.96

8 205, 300, 84.5 0.157991 -0.987441 0.000000 9.09

9 205, 300, 84.5 0.177153 -0.984183 0.000000 10.20

10 205, 300, 84.5 0.196116 -0.980581 0.000000 11.3

8 (-251.5, 400, 90.0)



Code in Python
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