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LYSO modules for the JEDI polarimeter:
production, laboratory tests and results of first

measurements

October 19, 2017 — 17t PSTP
D. Shergelashvili, PhD @ SMART|EDM_Lab, TSU, Georgia
Supv: Dr. Davit Mchedlishvili @ TSU; Dr. Irakli Keshelashvili @ FZJ
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Talk overview

dE scintillator

Vacuum flight

O LYSO Module Assembling cooper Gegpaier

New concept of the JEDI Polarimeter
0 Objective  n—

Target chamber

O Module Inspection and Tuning in the Lab (sim. 10 WASA)
U Energy Resolution & Linearity Tests Results

O COSY Tests

0 Summary & Outlook Goal: 10°°e cm
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Polarimetry Overview

High Stability Voltage Supply
:ft < — — _ _ Remote control & monitoring
Future plan :

Network

> AN
Flash ADC )

Switch

Online Analysis & Monitoring

i S — = -
s = JF _ E 3 ‘ ‘ Back-up for
F - - =] wemmmmr Offline analysis
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LYSO Modules Assembling

3D drawing of the module

Aluminum Housing

.| SiPM connector
with bypass caps
J

‘

BT

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

Kapton tape

19/10/2017 D. Shergelashvili 4
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LYSO Modules Assembling

Two layers of foils:

| - Four different inner layers (reflector) m——) < B )
Il - Tedlar (outer) foil (light tightness) ; %e,ggﬂ - igou?m

3. Smooth Mylar - 25 um

4. Wrinkled Mylar - 25 um
Silicon layer -

3D printed plastic for J

centering silicon

Tedlar 50 um Teflon

Cut corners for
mechanical
fixation

19/10/2017 D. Shergelashvili 5



#) )0LICH

FORSCHUNGSZENTRUM

LYSO Modules Assembling

SiPM array

2 X 50 pm Teflon
2 X 50 um Tedlar

2 X 25 pum Kapton

Energy loss can be
estimated

i

19/10/2017 D. Shergelashvili 6



LYSO Modules Lab Tests
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* Light Tightness

« Measurements of %2Na, %°Co, 176Lu (internal)
» Optimal supply voltages

» Signal offset (current leakage)

DAQ
High precision : 14 bit ADC
power supply Raspberry pi 125 Mb/s
25-32v SiPM with
> — ‘i‘

LYSO

19/10/2017 D. Shergelashvili 7
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LYSO Modules Lab Tests Analysis

60Co + 176L_u, 30 V Supply, 4 mV threshold, Left Down 3" Module

i—? B hintegral_chi
S 4000 - iy s
@ - Internal radiation AMS 1950
o B f;-'ndl 13.03 /12
E B ﬂ;!:ﬂnt -ana::;a: ni;?i
_D I
S 3000
= |
Z B
B 1170 KeV
G
1000 — O
| O
-3 2500 KeV
0 _| |[ ] ] | I 1 {L.I_ J l ] ] I ]
-50 0 50 100
Q (x1000)

19/10/2017 D. Shergelashvili 8



#) )0LICH

FORSCHUNGSZENTRUM

LYSO Modules Lab Tests Analysis

22Na + 176L_u, 30 V Supply, 4 mV threshold, Left Down 3" Module

.ﬂ — hintegral_ch1
QC.} | w \ Entrias 134500
3 = 511 KeV g o
§— 80{}0 — ¥* 1 ndf 48.78! 15
G‘ | | Constant 1.731e+04 + 4.311a+02
qL_} " MPY ~5.795 £ 0.484
o B 4 Sigma 4.38 + 0.09
=
S 6000 |— ||z f\
Z - || ® \
B % Due to the Internal
B ] radiation
4000 [— || =
— [ 1786 KeV
2000 —
0 L= \\E&—--—-w\
50
Q (x1000)
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LYSO Modules Lab Tests Analysis

ADC

100 }— ....................................................... ......................

80— ...................................................... ................................................... LYSO Module Energy ecalluiian
B (@ low energy)

—  E[KeV] Resolution [%)]
Eﬂ | -. ...................................................... . , ....................................................... . 511 12.5
- 1170 7.8
40— ................................................... ....................................................... 1275 9.1
1330 75
L 1786 6.5
20 I ..................................................... ....................................................... 2500 4.5
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Saturation Test on LYSO & SiPM

_"2 [ I 1 1 | | I 1 | | | I 1 | 1 1 I | | 1 1 I | 1 1 | hlnteg ral_Ch1
%2000 — 270 MeV Entries 193500
51800 — \ Mean 106.3
© — -
21600 270MeV-dE(10mm Plastic) RMS _ 58.48
21400 ;_ Plastic scintillator \ _;
1200 [— Vs —
1000 = —
= = =
800 — 7
600 —
400 —
200 =
0 [} [ [ I _

0 50 100 150 200
Q (x1000)
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Features/Properties:

Struck innovation system: * 16 channels

250 MS/s per channel = 4ns between timestamps
SIS3316 flash ADC 14-bit resolution

64 MSamples memory/channel

1. Software based Constant 2. Built-in feature
Fraction Discriminator (CFD) (Hardware CFD)

value before trigger

E 50% of maximum value
=
[£2]
Input Signal value after trigger

oo Attenuated le Clock period]

- Delayed & Inverted > negative ime offset

—— CFD Signal N

N 48-bit Timestamp value
Time L _real" Timestamp value

19/10/2017

D. Shergelashvili 12
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Time Resolution Analysis (SW CFD)

Cosmic Run with PMT & LYSO

M. Tabidze, N. Lomidze

500

—  Cosmic run \ / 7

B (1 - 4.1) 4.% 4./1 3 B
W (1-42) L — \\L 2|
300 |— . I ]
- Entries 13113 2 _

B Mean ~0.4387 + 0.0008 x*/ ndf 106.6/63 | 7

B RMS 0.0879 + 0.0005 Constant 4556+52 | -

200 — ¥2 / ndf 52.06 /53 —
— Constant 4256 +5.0 Mean —0.2836 + 0.0006 -

- Mean ~0.4412 +0.0007 . -

B Sigma 0.07145 + 0.00061 Sigma  0.0678 +0.0005 | -

100 — c = 280ps 0 =270ps —]
0 _ ! —  — —— e i
-2 -1.5 -1 -0.5 0 0.5 1

At CFD [sample/4ns]
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Time Resolution Analysis (HW CFD)

March 2017 beam time data

60
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30

20
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Deuteron TOF between start counter and detector

D. Shergelashvili

L Entries 3913
— Run 511 Mean 5.126
L RMS 1.495
- x2 / ndf 196.1/138
e Constant 40.93 + 1.01
| Start Counter LYSO module Mean 4.855 + 0.017
B . Sigma 0.8949 £ 0.0170
I Target
—— Beam I ““““
‘ | \ \ T L ‘
0 -5 0 5 10 15 20
At CFD [ns]
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2"d Set-up for COSY Beam Time

2x6 LYSO module

J mator
= \
\\‘

%

30/09/2017 D. Shergelashvili 15
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A, (©) dC > pnC

500III\\\\IIIIII\\\\I\.\\\II
- stopped elastic deutera

(8

S
i

\
\
)

sca1tter9di-d,euterd'ns N\ -
SN .
Il 350 viict) VAN Sl

// elastic deuterons

o

asymmetry , [%]

—
Illli\\\\
N
(@)
N

200} 3.8 G 18 :':1;- | 151 1
150 | \ S | T A E——— |
100;— ------ i S[ 5t E‘“‘i———!———éﬁ?j :
. _ y stopped breakup protons ; F‘T‘\;—:jf \2!

OIII\ I L1 1 | I —— L1 | L1 | [
0 50 100 150 200 250 300 6 7 8 9 10 11 12

dE+E , MeV © Lab, degree
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Summary
v' LYSO module assembling and testing procedure
v' Analyzing of the deuteron break-up reaction dC - pnC

v' CFD for higher time resolution (need more investigation for SiPMs)

Outlook

Getting ready for the next polarimetry beam time in Dec, 2017
0 Assembling the new 46 modules and lab tests

0 Upgrade HW/SW packages for the read out system

O Development of power supply with monitoring option

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

19/10/2017 D. Shergelashvili 20
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15t Set-up for COSY Beam Time

Slow Control

19/10/2017 D. Shergelashvili 20
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First Test on LYSO — Bragg peak

LYSO
4 N
| |
| |
Beaem 0 = | Module rotation
.
\_ Ja
120 F. Muller, PhD
§ - Deuteron Energy deposit in LYSO @ 270 MeV —=— 15Smm LYSO crystal
% - —»— 30mm LYSO crystal
= 100{—
UJ‘ > —
holhe] |
80—
60—
40—
20—
0 _I 1 1 1 I 1 1 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1 1 1 I 1 1 1 1 '_—I__I_I'—” | 1 1 1 1 1 1
1 2 3 4 5 6 7 8 9 10

Penetration Depth x [cm]
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SiPM Power Supply Schematic

o 1 | 2 [ 3 | 4 | B | & I 7 I ) [ o
SiPM bias voltage regulator
A R15 David Mchedlishvili, Nov. 2016 |~
Vin )\,1\20
] cs ce B
Vref .\';"3\, L 56uF ——100nF o1
. 5.1kQ _Lc‘ 7<1Ngo02 |
2.2yF L -4
T -
1 VCC#+ wc [
J2 R1 R3 = UA723CD . _11
c §'°"° §1°"° vREE Vel 5.60 c
- u1B a AAA
= =
HDR2X3 * 1 o2 TN+ :: o
| v, s {- BAT85 | Key = Space 2
100kQ “]. Lmassp ef. sel. e mmeo 327k
° c}' J1 LR7 0
| GND R4 | ‘se,skn R13
S6.8kQ  qouF 2k0
1L R10 =ker-a | ||
)Q«‘ | a0%
FJN3301R Bo
. J3 J_cz PRLTE! €
~R5 100pF ~>R14
22.4k0 5.1k
] Vetrl E .
F ntrol ! u F
-
] c7 cs R9 .
100nF =22F A
Vout
° 1 | 2 | 3 | 4 | 5 | 5 | 7 | 8 | °
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Linear voltage
regulator part
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Power Supply for SIPM

First prototype board on
a test bench (using
internal voltage
reference)

Output on/off curve with
voltage ramp




SiPM Gain vs Bias Voltage

1000
800

600

Gain [a.u.]

400

200

25 26 27 28 29 30
Voltage [V]

LYSO energy resolution ~ 1%
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1mV variation ~ 0.02...0.05
% in gain

Gain variation is directly related
to energy resolution

Max. accepted AV ~ 10mV
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