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The EIUSive Neu.trino Double Beta Decay

. . 2vBp — Standard Model
The neutrino is one of the Ty = 1018 - 1021 yrs

most aloof particles in the
Standard Model. --—e 7,

_—_"oﬂ

Neutrinos are tiny, nearly
massless particles with no /
charge.
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Neutrinoless double beta
decay is beyond the ok
standard model
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OvBB — New Physics!
Ty > 1028 yrs

Double beta decay and neutrinoless beta decay diagram (Gruszko, n.d.)
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The nEXO Experiment

Time
Projection
Chamber

nEXO detector in SNOLAB Cryopit (nEXO
2024 June Pictures, n.d.)

NEXQO is a proposed detector searching
for a hypothetical rare nuclear decay
called neutrinoless double beta
decay (OvBB).

We are using ~50 000 silicon
photomultipliers (SiPMs) in our TPC
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SiPM Characterization

Why Use SiPMs? 1920 SiPMS

Allow us to derive timing
information of events in TPC
Can detect single photons
Can operate in cryogenic
temperatures (165 Kelvin)

We need to scan over the SiPMs with a light
source to calibrate them

We plan to use precision actuators consisting
of stepper motors and encoders

\

Time Projection Chamber (Right)
Stave (left)
(nEXO 2024 June Pictures, n.d.)

G. Champagne - CASST 2024

4



What is a Stepper Motor and Encoder?

The stepper motor rotation is controlled by discrete

encoder
electrical signals that will move it a ‘step’

- This stepper motor as 25000 steps
- The encoder can measure rotation angle and speed of the

motor and will enable positioning as small as 0.0001 mm
Closed loop

Driver/ Stepper
[ InyEt ControllerH Motor ]+[ Output ]
I

Visualization of

l
closed loop system I |
! Encoder I

Stepper motor and encoder diagram G. Champagne - CASST 2024 5




Getting Started

- The software used with
-172.16.0.70STConfigurator V349 — X Applied MOtlon PrOdUCtS IS
File Drive Tools Help STF COnﬁguratOr

-———————————

Motion..

Goal: Use the stepper
motor and encoder to
make precise scanning
movements necessary to
scan over the SiPMs

Motor...

Applied Motion Products software: ST Configurator
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Feature Failures

Would cause
motor to stall

Would cause
motor to
move
sporadically

[ Encoder Feedback (optional) X

Encoder

counts/turn (2000 lines) ik _l1[—

Ch & leads Ch B when shaft tumns:
o cw O cow chB

[~ Single Ended [not recommended) S e

Stall Detection
Fault drive if motor stalls (or is forced out of position)
Stall Prevention

> Automatically adjust torque utilization to prevent stalling. Use| 10 % max

5 o0 msec

Help Cancel I 0K |

T—

Encoder features popup on ST Configurator

Initial Solutions

- Studied the datasheets
and manuals for the
driver, motor, and
encoder

- Disassembled the
encoder and
reassembled using the
driver manual

- Contacted encoder
manufacturer for the
encoder count
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Decoding the Encoder

- Received the encoder count however
features still did not work....

vEr
Product-ID 1188619-05 00
Name R35i-2000/2-5mm-LD/LD-5V-6-R-H-M

¥ Gen._Data = Data_Sheet Sales | Documents Software | Tec._Notes Successor | Spare_Parts Accessc

Name Numeric ValueString valueDescription

Name R35i

Line count 500.000 Counts/Rev = 2000?
Number of signal periods 2000.000

Number of signal periods commutation 2.000

Manual sent by encoder manufacturer

Disable

Readout on ST Configurator

After one revolution

Counts/revolution = Line count * 4

After various tests, it was
verified that the encoder
readout was correct finally
unlocking the next stage
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Stepper Motor Control Program

Host Commands
Goals:

- To organize program into classes
- Include functions such as:
connect, reset device, home, go
to position, read encoder, read Python Program
back
- Write short return time functions
(<bsec)

Motor Output
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Building Functional Code

Start
EncoderCommands
Initialize EncoderConfig Class
i FeedTolLength JogSpeedSet
Create Encoder Base Object Distanceset & &oP
Configuration Set Set
set?
Rotate based
on DistanceSet
Raise Error

Read Read

Define Connect, Execute
Command, Disconnect
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Command Logic: DistanceSet

Ex t mman i
ecuteCommand DistanceSet

Verifies connection to drive ) )
User inputs distance

Encodes the command (ex.

‘DI') as bytes to send to drive Calls ExecuteCommand

to set distance

Timeout function if connection is lost
Calls ExecuteCommand
to read distance

Receives and prints

output from the drive
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In Summary & Onward

Successes:

Remaining Challenges: Next Steps:

- Troubleshooting - Homing function

initial issues -  Occasional
) - Further
- Code connection errors i
.. refinement to
development - Temperature limits
program
- It works!
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Thank You!

Contact me!
Grace Champagne
grace.champagne@mail.mcgill.ca

www.linkedin.com/in/gracechampagne27
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Mastering Host Commands

- Built in programming
software written in Applied
Motion’s Serial Command
Language (SCL)

- Created a test to ensure
motor and driver
communications

- Initial test was successful

Q Q Programmer V1.6.20 test.qpr
File Show Drive Help

ENABLED

Communication = :

~ Re232/455 | Comm Port [ Drive 170 Status Drive Status Alarm Status W Applied

&+ Ethemet POLLING ST10E :l' O Enabled O Moving O Saving O Reserved

Drive IP Address Stap Polling Firmware Revision O Tuning O Jogging O Alarm O Reserved Motor
41 107N , ,

17218.0.70 e O Faulted O Stopping O Homing O (Program

Ping O In Mation O Waiting O Delay O Initializing

[~ Just Monitor

- &

. : [Running Segment | Segment 7 T Segment 8 T Segment 9 ] Segment 10 ] Segment 11 ] Segment 12
iat Power Up : | 1 S t1 ] Segment 2 T Segment 3 T Segment 4 ] Segment 5 ] Segment 6
Dowrioad STOP Line This Segment
Program Program [ Dpenl Savel | Uploadl Execute' Clear | Print I
Command Script / Responses Sesmenl !
G = Line | Label Cmd | Param1 Param2 Comment A
IF VE| 1
PR 2 DI| 25000
PRS 3 FL
PM
by g ELI 25000
SR-1 '
Sy B FL
SR100 7
SV g
QX1 9
v 10
1
Command 12
13
14
15 v
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