Pellet target development for the EDM search experiment at storage ring COSY
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Overview

1) Introduction

2) Polarimeter concept

3) Target systems

4) Pellet target
1) System design
2) Triggrting and TOF
3) Image processing
4) Some tests

5) Summary
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EDM - Electric Dipole Moment
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For all EDM experiments
Interaction of 4with E - S

is necessary!

Method:

a) Store longitudinally polarized particles in storage ring
b) Interact with a radial E-field

c¢) Analyze Polarization Build-up
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COSY storage rin

High polarization (p, d)
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Spin manipulation

Energy range (min.-- max.):
0.045 - 2.8 GeV (p)
0.023 - 2.3 GeV (d)
Max. momentum ~ 3.7 GeVlc
Electron & Stochastic cooling
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Polarimeter concept
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see JePo details in: F. Mdller et al. JINST 15, P12005 (2020) ‘ ' J U LI c H
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JePo polarimeter

LYSO Modules
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LYSO calorimeter modules

.52 independent LYSO modules
.Each module is tested and calibrated separately |

LYSO crystal
SiPM holder PCB Springs and 3D printed parts

SiPM photomultiplier F

Silicon layer
e Optical coupling
* Mechanical stability
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LYSO calorimeter modules

Aluminum
housing

Optical coupling
silicon interface

Custom
PCB

SiPM Array
attached to PCM

LYSO
30x 30 x 80 mm

50um 4

Tedlar
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Polarimeter (JePo) setup in COSY ring

dE + tracking
pl. scintillators

Target
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Different target systems

1. Carbon block extraction - Strong EM influence on beam

2. Wire target — inefficient, even with very thin wire the dencity is still too high

112

White Noise

| ‘ Carbon
target
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Carbon block target used in JePo

target driver hardware
| system | — N interlock
b carbon block | -

target 2x2x3cm
1

Horizontal and
vertical targets
in the target
chamber
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Carbon block target (working principle)

I

ey O | O§ O

1. Industry standart G-code interface 2
2. EPICS based network controll

3. Several level safety systems | - l B

Interlock system

4. Automatic position search

5. Automatic controll mode

ssssssssssssssss
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J/
X / INBEAM 200 SET Move Y IN Beam INBEAM 200 SET Move X IN Beam
® DELTA POS 25 SET Move Y Out Beam DELTA POS 25 SET Move X Out Beam
L ] DeltaBeamPos ‘ ‘ ‘ ‘ ‘ ‘
r4/ L v axis homing X axis homing
HomePos
sful

state change: program state set to ->
monde change: mode set to > MANUAL
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JUDIT - Juelich Ballistic Diamond Pellet Target

Number of beam particles x 10'°
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Target capable to measure 2D/3D
polarization profile

Huge dynamic range in effective
target thickness

”quasi” Non-invasive, no rest gas
small size 10-100 hm diamond pellets
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Beam revolution

pellet vs wire target

Target
chamber, ik

| window
Vacuum
pipe

i\ C-pellet

b

interaction
point

¢ Tracking the Pellet and measuring
precise scattering time allows scanning
2D polarization profile of the beam.
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Pellet target system (realisation)

Target
[ driver
Synchronization
I Trigger system —— And data
- processing
S |
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And
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Pellet TOF (time of flight) measurement
/target

¢
Z‘S—» PREAMP I—AMP —>_\ — | 1 _>_\_,‘

Start trigger

FPGA 450Mhz

sampler

Stop trigger
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Test beanch fot TOF measurement
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TOF test results
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FPGA design
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FPGA image processing core

{

Smoothing the image

Find intensity
gradients

Non-maximum
suppression

Double threshold

Hysteresis

Canny Edge Detection :>

Center of Gravity

{

ROI extraction

Sum of all
white pixels
X coordinates

Sum of all
white pixels
Y coordinates

Average value
for Xand Y

Compare with
previous
frame average
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Image processing hardware

667 MHz dual-core Cortex-A9 processor

1 GB DDR3L RAM

FPGA- XC72020-1CLG400C
Look-up Tables (LUTs) 53,200
Flip-Flops 106,400

5MP color system-on-chip image sensor

Dual lane MIPI CSI-2 image sensor interface
Supports QSXGA@ 15Hz, 1080p@30Hz, 720p@60Hz, VGA@90Hz and QVGA@120Hz
Output formats include RAW10, RGB565, CCIR656, YUV422/420, YCbCr422, and JPEG compression
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FPGA image processing tests

Test using canny edge
Image from custom linux Test using color invertand ~ Test using Pewitt filter detect ad standalone
running on FPGA board Sobel filter firmware with SD card

frame grabber
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FPGA image processing tests
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Summary

* JePo has been installed at COSY ring and successfully used in several EDM experiments.

e Carbon block target control, monitoring and safety systems has been developed and tested.
* Pellet target (JUDIT) concept has been suggested.

 TOF system is developed and tested on test bench.

* Different parts for pellet target system has been developed, includeing interfacing with camera and
HDMI.

* The object detection and tracking IPs has been created and demonstrated with simulations.

Outlook

* Apropriate mechanical system must be developed to demonstrat the whole concept of JUDIT.
e Better and faster camera sollution must be found to have more precise tracking.
* User side software has to be developed to control target from remote location.
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Thank You
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