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Steps in Polarimeter Design

1st sketch /.--:-—//

Fast HCAL Requireme“ts:

Ballistic Diamond
Pallet Target

Pl. Sci.
tracking

= PMT . High precision

Target
chamber

+ High efficiency

Vacuum

COSYr 2 C::’ - il > d ngh Stablllty

- N i e "’V‘/‘N‘/’; * No magnetic /
ﬂ 1 electric fielq

Plastic Scintillators ( g ’ cOmpact size

Target chamber

Calorimeter
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Polarimetry Overview L
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Stable voltage supply
*r . Remote control & monitoring
- > Q= E S S - - S S S S S S S S S . .. 1
LYSO Modules '
Target 1
> \\ Network I
Beam . ¥ I

Online Analy5|s & Monltorlng

3 53] = | ( | Data for
E 8] w— Offline analysis
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3D drawing

Lutetium-yttrium
oxyorthosilicate
LUy(19Y2Si10s

Aluminum Housing

.| SiPM connector
with bypass caps

SiPMs, 20 um pixel, 8x8 array
of 3x3 mm (SensL J — series)
64x14K ~ 900K pixel

245 v

Breakdown Voltage (Vbr)

Recommended overvoltage (Voltage above Vbr) +1 +6 \'
Spectral Range 200 900 nm
Peak Wavelength 420 nm
PDE (Photon Detection Effieciency) 50 % 35um microcell @ Vbr + 6V and 420nm
Gain (anode to cathode readout) 6.3x108 35um microcell @ Vbr + 6V
Dark Count Rate 50 kHz/mm?2 @ Vbr + 2.5V
https://sensl.com/products/j-series/ Temperatue dependence ol Vor e e
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[1. Teflon — 50 um A
2. Tyvek ~ 100 pm
3D printed plastic for 3. Smooth Mylar - 25 um
centering silicon \4. Wrinkled Mylar - 25 pm )

Silicon layer
Optical coupling
Mechanical stability
Radiation protection

Tedlar 50 um Teflon

Cut corners for
mechanical
fixation
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Module Assembly

34 hand during assembling Ready for test

‘ ’ " SiPM array

Rug RO2 h ®o3 |

A
@
>
©
(@)
£
8 2X50 um Teflon  —————
5 2 x 50 um Tedlar __
g 2 X 25 pm Kapton
(q\]
—
v Energy loss can be
estimated

Enough depth to stop
270 MeV deuterons
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Stand-alone test bench for LYSO lab tests

Redpitaya

v" FPGA based 2 ch 125 MS/s DAC
and function generator

v" Linux on board

v' C/C++ compiler

v" Communication via LAN

Raspberry Pi

v" Root based online analysis software

12/09/2018 7/21
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LYSO Test Data
60Co + 176Lu, 30 V Supply, 4 mV threshold, Left Down 379 Module

| hintegral_ch1
4000 |- el
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L) B ;:I:Hm -una:;:ﬂ: :I::I:j:
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LYSO Test Data
22Na + 176Lu, 30 V Supply, 4 mV threshold, Left Down 3™ Module

B hintegral_ch1
| w Entries 134500
\ Mean -2729
B 511 KeV RMS 18,82
8000 [ %! ndf 48.78 115
| | Constant 17316404 + 4.311e+02
_ MPY 5,795 + 0.494
ﬂ — - Sigma 438 + 0.09
C |
O 6000 | |
()] — —
Y— ©
S || @
] HIEs Due to the Internal
| ue to the Interna
g 4000 | 8_ radiation
] |
Z e -
2000 — /1786 KeV
0 C I J \L | \\?‘m
0 50
Q (x1000)
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LYSO Module Linearity

LYSO Module Linearity (@ low energy !)

ADC

100— ...................................................... ....................................................... ......................

LYSO Module Energy Resolution

80— ...................................................... ................................................... _____ r =2 (@ low energy !)

: | 5 | E [KeV] Resolution [%]
- 511 12.5
.E.u | ...................................................... ....................................................... .....
- 1170 7.8
1275 9.1
.1 || E— ................................................... ....................................................... ..... 1330 75
S 1786 6.5

20— T — . 200 45

500 1000 1500 2000 2500
E [KeV]
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LYSO Modules
Target - - - ---=- -

Beam @

Online AnaIyS|s & Monitoring

1085 Ha
i

T L
LA
a

% E 3 g ?“:ﬁ:? N
- «ﬁ_._._ﬁ._._.—._.a n( ¢ ) \
3 T35 e | | Data for
B 2 w— Offline analysis
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« 16 channels per module

« 250 MS/s per channel

« 125 MHz analog bandwidth

* 14-bit resolution

« Offset DACs

» Internal/External clock

* Readout in parallel to acquisition

« Capable of working in a chain

* Built-in hardware features (Pile-up detection,
averaging and more)

« Self triggering

Gain Relays

L RITD to ADC
RY11A ‘ >
R10B U10/AMP1 —e U11/AMP2 U12/AMP3
o/
*— R11E
DGND RY11B

Input - —
$— Protection [ DOND R il

Impedance Relay

OffsetDAC
— oo
[ ADC Offset (DAC)
ADC Offset (DAC) Registers

Registers

12/09/2018 12/21



JULICH

Forschungszentrum

ScuenceBRiDGE

CONNECTING PEOPLE AND KNOWLEDGE

> U

Struck SIS3316 FADC: Time Resolution
CFD Principle
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Amplitude threshold trigger vs CFD trigger

/ '
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By Sobarwiki ]
Zero crossing
point
Moving Average Window (MAW)
MA1
> +
i ) sign) MAW Compare and | Trigger Pulse
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value before trigger
250 MS/s = 4 ns Timestamps
50% of maximum value
value after trigger . .
9 Signal delay in 1m BNC cable
j¢«———Clock period > - h1
R gative time offset 2500 — Entries 201108
— Mean 5.858
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L Lt 48-bit Timestamp value 2000 —
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- RMS 0.0879 + 0.0005 Constant 4556 +5.2 - 300 = RMS y 1.161e+05 100
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History of polarimetry

1st test with COSY beam 2nd |teration
Target wheel

Al
AT
Firsttest - 4 LYSO S 4 .
modules Moving arms
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Current test setup

* Flench for up 120 LYSO modules
« X, Y, Z movement with rotation

« Temperature sensor

« Target wheel

12/09/2018 16/21
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DAQ & online analysis

PC #1 PC #2

N5
=
2

Event builder, data manager and
client software parts are based
on CERN ROQOT libraries PC #3
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Disconnect
Start
Stop

Auto On/Off

Setlog¥
Signal
<Signal>

Amplitude

AmploSub

Baseline
dEvsE
START

Asymmetry

Clear
Save Canvas
Terminate
Close

: Spectra from individual channels

Particle identification

12/09/2018
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Particle Identification: Deuteron beam, carbon target

dE vs. E at 300 MeV

30

25

10

20

15

dE [MeV]

10

4 | | | ‘ | |
300 350 400

by Fabian Muller
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Particle Identification: Deuteron beam, carbon target
Preliminary!

LQ 500 T T [ T T T T T T T 1 '_o' 45 1 T T | 1T 11 T 11 L T T 1
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Summary

v" LYSO module assembling and testing procedure

v More then 50 module ware assembled and tested successfully

v" First version of 64 ch voltage supply built and tested

v Independent 128 ch voltage monitoring system developed — Data taken
during recent test-experiments

v" 5 successful beam times with extracted beam

Outlook

» Further SW/HW development: improve parallelism, implement new tracking
system, create GUI interface, ...

» Installing the polarimeter on the COSY ring in 2019

» Building the pallet target chamber

This work was supported by the Shota Rustaveli National Science Foundation (SRNSF)
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