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Overview

Test of different temperature sensors

Time resolution scans Erlangen

- time resolution
- Influence of scintillator thickness

Railboard v2
TOFPET v2
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Temperature Sensors

Study done by BSc Student, B. Temper

WWW:OEAW.AC.AT/SMI
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The Detectors

 Maxim Integrated * Texas Instruments
DS18B20 TMP107
- Conntected in parallel - Connected in series
- 3 lines (Power, Ground, - 3 lines
Data) - 5 bit address
- 2 line in parasitic mode _ _55°Cto 125 °C

- 64 bit unique address ~ 14 bit resolution
- -55°Cto 125 °C « 0.015625 °C

- 9 to 12 bit resolution
e 0.5°Cto0.0625 °C

WWW:OEAW.AC.AT/SMI
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Circuit diagrams

« DS18B20 « TMP107

o T DS18B20 Typical Application
1TV ESY
Weu
1-fire BUS

GND DO Ve o
uP
4Tk

;?_J

TTTTTT

TO OTHER

Figure 6. Supplying the Parasite-Powered DS18B20 During Vo I-Ei ;‘“-' -
Temperature Conversions ALERT1  GND 5_‘
DS18B20 = .
iy GND DO Ve hgﬁ:ﬁﬁ?‘“ Al figures shown as TMP107 represent TMP107-Q1 as well.
i~ gam {7 L =
I s - Connected in series
Figure 7. Powering the DS18820 with an External Supply —_ if Sensor diesl all
- Connected in parallel sensors behind it are cut
— if sensor dies no off

further implications
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Time to Read out

 Time per Sensor read:  Time per Sensor read: ~
~12 ms 0.37 ms
 Time for conversion:
~153 ms
#Sensors 1 5 12 60 # Sensors 4 5 32
Time [ms] 610.6 677.4 771.5 1410 Time [ms] 130.5 146.4 156.4
Time [ms] 7649 8187 9126 | 1550
parasitic

No time difference between parasitic
with/without MOSFET Values for 60 sensors are extrapolated

Panda Meeting, GSI, 6
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Fixed Point measurement

« DS18B20 e« TMP107
- Larger offset - Greater stability
- coarse resolution - Finer resolution
Messung von Eiswasser
0,6 . | | | | - 0,6
0,3_- “Il l ;_0,3
1 R 'M'JUT ,. -
. e E
T : I I I | T2
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— Stability

 Measured only for
DS18B20

* No measurement j-
possible for the -4 AT . -
TMP]— 07 due to o : e e i 20cee 40000 30.500 80

].j.mj.te d. S Oftware N -1 o oo o 30000 40.000 50.000 50.000 oo
capabilities '

| LA LA LAY LLLL LLRLI LLLLN LLAR) L

o
o

- Were not able to NE
continuously write |
data to file but only fill .73

. ”"I T T T | T T T l.[-l T T l-! T T T I__I T T T l-! T T 1 I“[“I T T l-! 1 T T l"]-
buffer and erte tO ﬁle -10.000 0 10,000 20.000 se;-:‘ 40,000 50.000 50.000 70.000
post measurement : L Tempetinienmg e

150 25.000
1 l 1 1 1 1 l 1 1 1 1 ] 1 1 1 1 ] Il Il 1 1 I 1 1 L 1 ] 0.04

20000

« No connection drops =3
or stutters
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Even signal ground

for both devices shows
C rO S S ta]_k large fluctuations.
Crosstalk measured
(with and) without
taking this into account.
Results similar.

« DS18B20 « TMP107

qv TELEDYNE LECROY
Everywhereyoulook™

, | , ~184 mV
. with 3.3 V signals

Cangodownto 1.7V

Everywhereyoulook

J AR TELEDYNE Licroy
I

|

1

|

b i
Measure P1:max(C1) P2:min(C1)  P3:ampl(C1)  P4:pkpk(C1) P5:max(C
value 519V -109mv 5296 V 530V 190 n
status v v A v cof i
1.00 Vidiv 100 mVidiy |
-2.500 V ofst| 0.0 mV ofsf] ‘

~420 mV with 5 V signals -

Can go downto 3V

[
Measure P1:max(C1) P2:min(C1) P3:ampl(C1) P4:pkpk(C1) P5:max(C2) P6:min(C2) P7:ampl(C2) P8:pkpk(C2) P9:max(M1) P10:min(M1) P11:ampl(M1) P12:pkpk(M1)
value 355V 20 mv 353V 353V 75 mv -95 mv 169 mv 169 mv 75 mv -95 mv 169 mv 169 mv
status v v E:4 v v v A v v v A v

50.0 ms/div} Stop

1.00 Vrdiv 50.0 mV/diy
0 mV offset| 0.0 mV ofsf] 250MS 50MS/sjEdge Negative
WWW:OEAW.AC.AT/SMI Sepastian Zimmermann, U/.U3.2ZULS e
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Advantage / Disadvantage
« DS18B20 « TMP107
- 64 bit address - 5 bit address (32 sensors)
- Arduino for read out - TI software for read out

— Slower read out (1550 ms a 60 sensors) — Faster read out (156 ms a 32 sensors)

- Coarser resolution ) )
- Finer resolution

- Faster t djust t .
(isgzrs 8313184“]:)8 men - Slower temp adjustment

- Stable over long periods of time, no (d: 157's, u: 136 s)

drops - Could not do measurement due
- Larger crosstalk (420 mV) due to to software restrictions
larger signals (5 V to 3 V) - Lower crosstalk ( 184 mV) due to
- If sensor dies no further implications smaller signals (3.3 Vto 1.7 V)
- Does not need to be re-initialized - If sensor dies, sensors behind
every time power is cut off are cut off

Panda Meeting, GSI,

WWW:OEAW.AC.AT/SMI Sebastian Zimmermann, 07.03.2018 1
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Scintillator Thickness Scans

« Time Resolution measured for
scintillators of different
thicknesses

- 3,4,5, 6 mm

e Measurements done in
Erlangen

- November 2017

* Done in low noise environment
in copper cladded box

« Utilizing a °°Sr source with a
small trigger scintillator on x-y

stepper motors
(5x5x5 mm? BC 420 Hamamatsu SiPM)

Panda Meeting, GSI,

WWW:OEAW.AC.AT/SMI Sebastian Zimmermann, 07.03.2018 12
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Electronics Setup

Discriminator

TDC
Amplifier
Sensor Board
Dl ay QDC
SR 90 ) Delay QUDC
Trigger
) i Discriminator CAEN [start) Discriminator
Scintillator -> Gate
-= QDC/TDC
Discriminator
T
Sensor Board
Amplifier
Delay QD
Panda Meeting, GSI, 13
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Time resolution [ps]
- T T T TEm HpeDL 3069
5001 Mealn 55.56
B F{2MS 10.49
400/ oot ro0 06
» N Mean 53.93 £ 0.01
= L Sigma 4.399 + 0.007
3 i
42 200; *
- 1 Time resolution [ps]
100} -
% 50 T T
Time resolution [ps] E
5
Measured with EJ-232 B
(90x30x5 mm3),
4 x HPK S$13360-3050-PE
x-position [mm]
Panda Meeting, GSI, 14
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Measurement Results
 Wrapping material has * Position resolution form
impact on time timing differences
resolution - Sigma = 5.0 mm in x
- More photons =! better direction
time resolution
Wrapping material Time resolution [ps| | Number of detected photons
No wrapping 55.0£0.3 288 + 2
N | Aluminised Mylar foil 52.7+0.3 355+ 2 |
a Tyvek hardstructure 1057D 55.0£0.3 394+3
- Enhanced specular reflector (ESR) 55.24+0.3 355+£3
L] | Teflon tape 59.44+0.3 408 +4 |
aluminium foil 54.2+0.3 344+ 3
00 Wrapping material Time resolution [ps| | Number of detected photons
N No wrapping 61.3£0.3 371+2
L?lJ Aluminised Mylar foil 59.7+0.3 445+ 3
Panda Meeting, GSI, 15
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Motivation

« Initial thickness (5 mm) chosen due
to space constraints

* Loss of photons means loss of time
resolution (25% sensitive) |

« Balance between loss of photons '
and photon production W

« Study influence of Scintillator — .
thickness on the homogeneity of
time resolution by closer matching

the thickness of the scintillator to
the width of the SiPMs (3mm)

 Reduce material along the particle
path

Panda Meeting, GSI, 16
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Run 51 /5 mm

TDiff Resolution

Preliminary

= TimeresFit
NpeDt_piy_copy
6001~ Entries 3069
C Mean 55.28
00l Std Dev 16.33
C 72 /ndf 6.446e+04 /220
C Constant 5435 0.7
s00l— Mean 52.32 £0.01
- - Sigma 3.501+ 0.006
E C
- 300—
200(—
i3 J h
0 (RO L I, L L P T SR
0 50 100 150 200
time resolution [ps]
NpeDt
NpeDt_copy
Npe1 Npe2 NpeAve 150 o Envies 3069
[NpeT_copy | [Npez_copy | [NpeAve_copy | I— Meanx  74.61
Entries. 2509 Entries 2508 Entries 3060 r Ll Meany 54.66
Meanx 26 Mean x AT 65 Mean x 4512 L . StdDevx 19.78
Meany 15.15 Meany 1524 Meany 15.2
SidDevx 2515 SidDevx 2623 S Devx 2528 I— Std Devy 18.71
SdDevy 8008 Sebavy  som| T SdDevy 8.108 .
T 5 3 = ] 0
g 2 g _zmot S
- - £ 8 K
: H : :
5 2 -4 g
= -
& g !
= 0
o SR Ll |
0 50 100 150
# photons
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Run 51 /5 mm

co
o

widthProfile_x
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NpeFit
NpeDt_pjx_copy
E Entries 3069
700 Mean 79.45
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Quick Summa Prei:. .
ty ll’"lnary

speed x [ps/imm] +- tilty[ps/imm] +- Npel Npe2 NpeAve Fit

ime Res sigma norm.sigma  Std Dev

3mm 96 08 23 36 43 00674615626  19.45
4mm 74 16 18 7.9 8317 523 00767087122  20.93
5mm p 91 08 24 36 8405 296 0.0574868907  15.53
5 mm 82 0.9 23 36 86.99 35 0.0668960245  16.33
6mm 87 08 25 36/ 85.02 3 0.0586624951  14.73

Scintillator: EJ-232 quenched: EJ-232Q (0.5%)

Time Resolution Homogeneity
80 6
70 c -
g 60 m
§ 50 7z 7
2 , 3 u :
2 40 ¢ polished < 3 * = ¢ polished
2 30 B unpolished £ 2 B unpolished
E 20 @
E 10 1
0 0
25 3 35 4 45 5 55 6 . 25 3 35 4 45 5 55 6 65
Scintillator Thickness [mm] Scintillator Thickness [mm]
Panda Meeting, GSI, 19
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Quick Summary Prey;, .

speed x [ps/Imm] +/- tilty[ps/mm] +- Npel Npe2 NpeAveFit Time Res [ps] orm. sigma  Std Dev
3mm 96 08 23 36 598 55.31& 63.74 0.0674615626  19.45
4mm 74 16 18 7.9 8317 7067 73.59 68.1 0.0767087122 20.93

5mm p 91 08 24 36 8405 7875 = 79.82 51.4¢
5 mm 82 0.9 23 36 86.99 80.32 81.53 52.37
6mm 87 08 25 36/ 8502 7566  77.99 51.14

0.0574868907 15.53
0.0668960245 16.33
0.0586624951 14.73

Scintillator: EJ-232 quenched: EJ-232Q (0.5%)

Time Resolution Homogeneity

80

70 | |
60
50 c u
40 ¢ polished
30 B unpolished
20
10

0

¢ polished

Sigma [ps]

B unpolished

Time Resolution [ps]

25 3 35 4 45 5 55 6 6.5 25 3 35 4 45 5 55 6

Scintillator Thickness [mm] Scintillator Thickness [mm]

Panda Meeting, GSI, 20
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Quick summary first (shorter) run

P re .
llmlna | =1

speed x [ps/mm +/- tilty [ps/mm +/- Npel Npe2 NpeAve Fi Time Res [ps Time Res sigmz Std Dev
Run 38 3 mm wrapped 6,5 0,8 1,6 3,5 72,37 46,84 53,47 60,34 5,05 14,94
Run 44 4 mm wrapped 6,6 0,6 16 2 8564 55,14 66,79 68,09 548 20,71
Run 17 5 mm unwrappec 6,7 1,4 1,6 5,3/136,73 142,01 1348 50,12 3,44 22,67
Run 22 5 mm wrapped 6,6 1,1 1,5 4,1 139,94 128,69 129,2 50,14 3,85 21,06
Run 47 5 mm polished 7.8 1,2 2,2 4,4111,87 781 89,66 48,29 3,51 22,08
Run 48 5 mm quenched 7.4 1,11 1,6 4,3 33,32 25,65 27,8 70,8 6,92 19,36
Run 46 6 mm wrapped 6,06 0,62 22 2 101,7 70,7 8417 48,7 3,53 14,13

_ _ Average Amount of Photons
Time Resolution

160
80
70 - A 140 " .
'? 60 | 120
E 50 [ ] ] B wrapped , 100 W wrapped
5 10 & unwrapped § 80 + unwrapped
2 30 polished 2 g0 5 u polished
E 20 A quenched 40 R A quenched
= 10 20
0 0
25 3 35 4 45 5 55 6 65 25 3 35 4 45 5 55 6 65
Scintillator Thickness [mm] Scintillator Thickness [mm]
Panda Meeting, GSI, 21
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Readout Delay

TDiff Position

W
—— e N y

e RETL " Meanx 334
|Meany 1503
SidDevx 1507
S Devy 7073

» Slanting in time difference of
signal left/right

* Visible close to sensors

« Slant depends on
way the sensors
are read out

Panda Meeting, GSI,

WWW:OEAW.AC.AT/SMI Sebastian Zimmermann, 07.03.2018 22
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Signal Transter / Railboard v2.0

* Detector is designed to » Testing of multiple new

be cable less designs integrated into
. Space efficient one half-length 16 layer
P PCB
- Signal transmission and . .
mechanical support  Includes deSIgnS with
combined into PCB - Two separate ground
« Crosstalk potentially an layers
i1ssue - One ground layer
- Shuffled lines

Panda Meeting, GSI, 23
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TOFPET2 Readout

« TOFPET?2 by PETsys Electronics
- Readout ASIC

» Time resolution of 135.4 ps reached in
22Na coincidence measurement

 Will be tested with our dual module and
the Railboard

Energy in QDC Channels (All Events) Energy (Channel 1) Energy (Channel 2)
energy i Ch energy Ch2 energy
Ent e, . Entries 1897249 E Entries 2410471
s r Mean 1322 500" Mean 120.3
Moan 1258 2500 Std Dev 392 E Std Dev 883
StDev 3944 L 2 Indf 3.111e+04 /497 E a2Indf 3.776e+04 /497
r Constant 1708+ 3.6 3000 Constant 2450+ 4.4
20001~ Mean 1632+ 0.0 E Mean 151.7£0.0
£ Sigma 3429+ 0.006 2500F Sigma _ 3.109.+ 0005
1500~ 20005
1000 B 15005
L 1000F
500~ E
[ 500
| | | | C L | |
50 100 150 200 250 300 50 100 150 200 250 300 50 100 150 200 250 300
Time between Goincidence events [ps] Energy (Coincidence events Ch1) Time between Coincidence events with cut [ps]
i - Co energy
Entries E P 70F Eniries
200, Mean 122 ss0F es E Mean —49.26
180 Std Dev 1525 L Mean 1245 60 E Std Dev 455.6
%2/ ndf 4859/ 145 £ StdDev 3955 E 22/ ndf 17.32/16
160] Constant 157 £4.1 s00E- E Constant  618£5.7
Mean  35.87£14.99 E 501 Mean 1439 £ 10.10
140) Sigma  886.2+17.9 250 E Sigma 1954+ 8.4
120) E 40f
200F =
100) £ =
E 30
80 150~ E
60 100f- B
40 £
50 10
20 £
L L L L L L
7190!)(}&00!%600!)—400!)—2000 0 2000 4000 6000 8000 10000 50 100 15 200 250 300 49 00-8000-6000-4000-2000 O 2000 4000 6000 8000 10000

Panda Meeting, GSI, 25
WWW:OEAW.AC.AT/SMI Sebastian Zimmermann, 07.03.2018




éAW AUSTRIAN _ SMI - STEFAN MEYER INSTITUTE
ACADEMY OF

SCIENCES

TOFPET v2 Adapter Board

71 67 51 47

72685248322

Unclean soldering
But most other boards
are fine

WWW:OEAW.AC.AT/SMI
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Tested the TOFPETV2 in GielSen

e Took the TOFPET v2 kit <+ Tested readout of PMTs

to Gielsen and MCPs
- For them to test it - Opposite polarity signals
- They are considering - Calibration procedure
upgrading from v1 needed to be altered to
. d ith 1 1 accommodate external
Tested 1t with loca power supply

setup (46 channels) - Took a lot of tweaking

- Worked with no parameters and
problems except for thresholds
connector 1ssues - Had some rate stability

issues (not stable)

Panda Meeting, GSI, 27
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Measurement unstable

 Cosmics on large scintillating plate read out by 8 PMTs

tima/1.0e12 jhannel—289)

11111111 {27 ) Sme Oel 2 {channe =274 time/1.0a12 jchannel—273) time/1.0812 hannel—283)

Rate

¥ & B 8 B &
T T

................................
a a
SO0 1000 1S00 M01 2500 A0 3500 ] S0 W00 1500 M00 2500 W 3500 0 S00 000 1500 2000 3500 3000 3500

Panda Meeting, GSI,
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Summary

- 2 Temp senosrs tested, decision ¢« New Railboard design will be

pending tested
 Time Resolution of 52 ps - TOFPET2 by PETsys

achieved :

performance with our

 Thinner Scintillators (3 mm, hardware will be tested

4mm) perform worse than 5 mm

Scintillator

- Worse time resolution
- Less homogeneity

o
« The current design (5 mm) Ot,te“uon
seems to be the best option J

- Polished scintillator seems to ThO“k
outperform the regular 5 mm
plate

Panda Meeting, GSI, 29
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Communication

« DS18B20 « TMP107

T — =
‘ I ‘ I
. + = 1 .
1 4 n
| e o g e e e T o e T s e T e
[} 1 |
I 4t T T T Gl T T
1 2 150 [ ) e L8 K
& E =
1 i - ' ' fY ey —---.lé' [ o T R pe— ."-1—1. iy A e ke g R .
i | N 3 B N - -
! |
i
' |
1 4 | i :
. - o o ) ——— e e o - W
gy Pl PApkohiC] P rmGa FI AT Pl FI2 i Measure P1:max(C1) P2min(C1)  P3:ampl(C1)  P4:pkpk(C1) P5:max(C2) PemIn(C2)  P7:ampl(C2)  P8:pkpk(C2) PO:maxM1)  P10:min(M1)  P11:ampl(M1)  P12:pkpk(M1)
W - - - - - ETEY BEDY LRk value 152 mV -208mV 360mV 392mv 372V 241mv 396V 396V 371V -285mV 399V 399V
Ll # L4 R v v v A v v v

650 mVdiv 5V
Negat
1445088ms AX= 1.8562 ms
2= 146.3650ms 1AX= 53874 Hz

X
X:

Communication is not affected by long
transmission lengths. Tested up to 9 m

i

Measure P1:max(C1) P2:min(C1) P3:ampl(C1) P4:pkpk(C1) P5:max(C2) P6:min(C2) P7:ampl(C2) P8:pkpk(C2) P9:max(M1) P10:min(M1)  P11:ampl(M1)  P12:pkpk(M1)
value 152mv -208mV 360mv 392mv 372V 241mv 396V 396V 558V -500mV/ 5155V 6.08V
status v v A v v v A v v

1.00 Vi
100 ms/

L
iy

X2= 9128192ms 1AX= 6.24995Hz

-972 mV
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Script

 Filtered out:

- Points with less than 200
events

- Non pedestal peak < 5

* Projections are summ of
all bins in one direction
scaled by the number of
entered bins

- Quter bins are skipped
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Run 47 / 5 mm polished

TimeresFit
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Run 47 / 5 mm polished

Npe1Profile_x
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Run 17 / 5 mm unwrapped

TDiff Resolution
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[ Npei_copy |
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Run 17 / 5 mm unwrapped
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22 / 5 mm wrapped

TimeresFit
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Run 22 / 5 mm wrapped

Npe1Profile_x

200 NpeT_pix_oopy widthProfile_x - NpeFit
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Run 48 / 5 mm quenched
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Run 48 / 5 mm quenched
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Run 46/ 6 mm

TDiff Resolution

Npei

Npei_copy

Entries 2381
Meanx 4357
Meany 1534
StdDevx 24.36
StdDevy 7.785

N2(p.e) [chan]

NpeAve

NpeZ_copy
Enties 2351
Mean x 48.41
Meany 1544
StdDevx 24.33
StdDevy 7.785

Sqrt(Npe1*Npe2) [chan]

Panda Meeting, GSI,

500

400

300

200

100

0
NpeAve_copy
Entrias 3060
Meanx 4648
Meany 154
StdDavx 2447
SudDevy 7.805

Sebastian Zimmermann, 07.03.2018

TimeresFit
NpeDt_pjy_copy
C Entries 3069
L Mean 50.52
C Std Dev 14.13
C ¥ /ndf  2.703e+04 /211
_— Constant 516.7 £ 0.7
L Mean 48.7 £ 0.0
- Sigma 3.526 + 0.006
[ho j | N S B .
0 50 100 150 200
time resolution [ps]
NpeDt
NpeDt_copy
P Entries 3063
150 Mean x 76.58
F Mean y 49.78
- StdDevx 198
L StdDevy 10.32
. 0
Booj- Ve
=4
.o i
51
g [ 0
[++]
E T
50—
|.
r
ol Low v v Ly C
0 50 100 150
# photons
43



200

as
AUSTRIAN
O AW ACADEMY OF
SCIENCES
S mson aoi  mtemvo|

Npe1Profile_x

Npe1_pjx_copy

180

160

140

120

100

80

60

40

—

20

T T[T T[T T [ T[T T[T T[T T[T TIT[rITT

i

Entries 2264

Mean 43.24

StdDev  24.32

(=]

20 40
X [mm]

Npe1Profile_y

Npe1_pjy_copy

2001
130;
1505—
140;
120;
1005—
au;
suff
402—

20—

0

HEHH A

Entries 2224
Mean 15.34

Std Dev  7.742

WWW:OEAW.AC.AT/SMI

y [mm]

30

_ SMI - STEFAN MEYER INSTITUTE

Run 46/ 6 mm
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Run 44 / 4 mm
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Run 38/ 3 mm
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Run 53 / 5 mm polished

TimeresFit
TDiff Resolution NpeDt_pjy_copy
— - " Entries 3069
700— Mean 54.3
E Std Dev 15.53
00— x*/ndf  7.832e+04 /226
C Constant 632308
E Mean 51.49 +£0.00
500 = Sigma 2.964 + 0.005
E 400~
> C
300
200
" y Lnn_
Y. N
0%

50 100 150 200
time resolution [ps]

Npe1 Npe2 NpeAve NpeDt
Npei_copy Npe2_copy NpeAve_copy
Entrias. 2525 Entries. 2525 Entriss. 3068 T NpeDl_chy
Meanx 4167 Meanx  49.37 Meanx 4553 Eniries 3069
Maany 1545 Mean y 15.58 Meany 1553 150 . Mean x 7214
S Devx 2501 SwdDovx 2485 SmDevx 2510 |_ Mean y 53.66
150 SidDevy 8128 savy  as2| T SwDevy 8138 )
= . StdDevx 1831
T T S, ' StdDevy 1281
> ~ E @
: i 5 Eool-
z g 4 st 0
E 5
3 F
E
@
E
50
L 0
o
L '
o1
H 0 50 100 150
Panda Meeting, GSI, # photons

WWW:OEAW.AC.AT/SMI Sebastian Zimmermann, 07.03.2018 >3




éAW AUSTRIAN _ SMI - STEFAN MEYER INSTITUTE
ACADEMY OF

SCIENCES

Run 53 / 5 mm polished
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Run 52 / 6 mm
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