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Introduction

Measurement Vienna
We did a bias- and a pulse height profile and optimized the PSI amplifier

Scintillators: EJ-232, EJ-228

New Hamamatsu SiPMs: S13360-3050-PE
Electronics: Photonique preamplifier

DAQ: Oscilloscope Lecroy waverunner 640zi

Measurement Erlangen

We did a position resolution scan across the whole scintillator surface after
optimizing the threshold, the bias voltage and the wrapping. Highlights are
presented

Scintillators: EJ-232, EJ-228

New Hamamatsu SiPMs: S13360-3050-PE

Electronics: 3 different versions of PSI amplifier (SMI,Erlangen,UK)
DAQ: VME 775
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Measurement Vienna
experimental setup

pied-80d

ww G'eg
wwo'sg

1...5r90 source

2... Scintillator EJ-232, EJ-228
3... Hamamatsu SiPM boards

5... Hamamatsu PMT (trigger)
6... DAQ-Lecroy waverunner 640zi
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Measurement Vienna
Signal shape,EJ-228 @5.6 oV/SIPM (230V)

File ertica Ime Trigger D ( : Math A

il

niwrinel |

€ i 7 F Y4 Fy ‘ "
Measure P1:min(C1) P2:min(C2) P3:falliC1 P4:falliC2) min{C3) PE:ddelav(C1.C2) PT7:area(C1) P8:areal(C2)
value 18TV -1.82V 2868 ns 2913 ns <151 m -99.2 ps -40.71276 nWh -40.30884 nWh

mean -1.9013V 17576V 2.9693 ns <3.0018 ns -226.3 mV' 56.0 ps 42119 nWh -41.350 nWh
i 239V 23TV 222 ps = 80 ps 517 mv -1.3406 ns -135.88750 nWhb -156.56986 nWh
25 mV -3 mv 10.664 ns <74T1ns 54 mv 3.9456 ns 1.57834 nWh 1.51983 nWh
2614 mV 260.0 mY 2647 ps <252 1ps 104.0 mV' 190.2 ps 8.055 nWhb 7.921 nWh
10.068e+3 10.068e+3 10.069e+3 10.092e+3 10.068e+3 10.009e+3 10.068e+3 10.068e+3
v v v
n er
100 mV L L X L L 50. 10.0 # 10.0#
: 5 / Ons|] 5 2 10 nWb| 20 nWb
9.2 k#
TELEDYNE LECROY 5/3/2016 4:13:41 PN
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Measurement Vienna
bias profile

.............................................................................................................................................
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]

UL | | | UL | | | LI | | | UL | | | | | UL |
1 2 3 4 5 & 7 a8 9 10
over voltage /SiPM [V]
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Measurement Vienna
pulse height profile

pulse height [mVv]

TTTT | T TTT | TTTT | T TTT | TTTT | T TTT | TTTT | T TTT | TTTT | T TTT |
i} 1 2 3 4 5 <] 7 3 g 10
over volatage/SiPM [V]

Channell, Channel2
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pulse height [mV]

TTTT I T TTT I TTTT I T TTT I TTTT I T TTT I TTTT I T TTT I TTTT I TTTT I
1 2 3 4 5 6 7 3 9 10
over voltage fSiPM [V]
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Measurement Vienna
PSI amplifier

Potentiometer (0-3000 Ohm), goal: fast rise time

12k 12k +UJ

100 nF Z=100 nF
R
: L
i :’;‘ 12k TCCH-80+
—
N 100nF| 150 [100nF
; 05 mar-esM MAR-6SM 10
\ Lt
! 0-2k ‘
SiPM chain' IT attenuator Pole-zero cancellation :

______________________________________________________________________

A. Stoykov (Paul Scherrer Institute

“Development of High Precision Timing Counter Based on Plastic Scintillator
with SiPM Readout” Paolo W. Cattaneo et al
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PMT signa
~——— SiPM signal /
[y A

Measure P1:min(C3) P2:fall(C3) P3:rise(C3) P4:widniC3) P5:ms(C3) P6:ddelay(C2.C3) PT---- P8:--- Measure P1:miniC3) P2-Aall(C3) P3rise(C3) Pd:widn(C3) P5:rms(C3) P6:ddelay(C2.C3) PT--- P8---
value 002 my 2.060 ns 42801 ns 6.3817ns Momv 17213 ns value M3mv 1.250 ns 3.046ns 2.5698 ns 1281 mV 973 ps
mean <8166 mV 19788 ns 42674 ns 7.364 ns 33390 mv 14848 ns mean -392.08 mV 1.36118 ns 17.87 ns 2.7649 ns 7.8 my 1.0167 ns
min <1642V 839 ps 30433 ns 38707 ns 784 mV 162.7 ps min -T2 mv 994 ps 1723 ns 21505 ns 67.6mV 146.1ps
max <183 mv 2410ns 52145 ns 83.8422 ns 693.5 mV 21100 ns max -205mV 1819 ns 37.79 ns 4.0988 ns A75mv 1.8144 ns
sdev <170.7 mV 1433 ps 2644 ns 5.775ns 70.03 mv 2536 ps sdev 7801 mV 97.53 ps 133ns 2559 ps 2153 mv 179.0 ps
num 908 902 867 874 1.528e+3 891 num 216143 1171643 1.622¢+3 2.508e+3 1.583e+3 216943
status v v v v status v v v

4i12/2016 6:03:31 PN

Stop
Pattem
41212016 5:40:28 PW

Math™ Anal
" . E A R My T e v AN il v %
Bk b sl o WW M = WMM preithin, NV SN e W T B
MWWw4 JJ,»/“ Wﬂ-“"’r l
g AT I "
\"w’
U Al
i ry
Measure P1:min(C3) P2:falliC3) P3:rise(C3) P4:widn(C3) P5:rmsi(C3) P6:ddelay(C2.C3) PT--- P8:--- Measure P1:min(C3) P2:1alliC3) P3:rise(C3) Pd:widn(C3) P3:rms(C3) P6:ddelav(C2.C3) PT.--- Pg.---
value -552 mV/ 1336 ns 1.935 ns 23940 ns 21mv 945.8 ps value 527 mvV 1.408 ns 1.668 ns 25242 ns 1444 my 831.6 ps
mean 37183 mv 1.31428 ns 1.9587 ns 2.5407 ns 21032 mV 969.4 ps mean -376.87 mV 131434 ns 1.8462 ns 25184 ns 101.63 mV 957.6 ps
min -664 mV 1.036 ns 1.303 ns 21233 ns 17 mv 370.8 ps min 653 mV 1081ns 557 ps 20563 ns 514 mv 2616 ps
max -198 mV 1819ns 2658 ns 3.2458 ns 21mv 15431ns max -190 my 1.604 ns 2635 ns 32196 ns 175.0 mV 15110 ns
sdev 75.06 mV 9378 ps 2287 ps 185.9 ps B48.7 uVv 1716 ps sdev A5 mY 88.91 ps 2419 ps 184.7 ps 19.22mV 180.2 ps
num 903 902 903 903 903 903 num 500 499 500 500 500 500
status v v b4 . L4 v status v v v L v v

TELEDYNE LECROY

Stop
Pattem

0 mV
411212016 5:26:39 PM TELEDYNE LECROY

4/12/2016 5:55:44 PM
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Pulse height[mV]

200

Pulse height/ resistance

SMI - STEFAN MEYER
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Conclusion: one

should avoid setting

the potentiometer
under 300 Ohm

-500 0

Rise time/Resistance
-500 0 500 1,000 1,500 2,000 2,500 3,000

3,500

2.2 N T T T T T T T T Y Y Y 2.2

2 Lo SRR SRR SR SO S [ 2
18 o o S R S S SO SO [ 18
- : s s : I
1] H : : H
) 7 : : : : r
w - : 5 5 : -
-3 U SO SOOI SO SOOI NP ST NSO 16
'E N : : : : L
] : : : :
] T : : : : B
o . : : : : -
14 | }}} _______________ S SN NN SN S [ 1.4
12 b * ........ } .............................. ¥ .............................. } ............... [ 12

-500 0 500 1,000 1,500 2,000 2,500 3,000
R [O0hm]
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3,500

200

1,000

1,500 2,000
R [Ohm]

2,500 3,000 3,500

Fall time [ns]

Fall time/ Resistance

-500 i 500 1,000 1,500 2,000 2,500 3,000 3,500
00 Joev e b b b b b b L
0 : : : H H H : 3
80 3 =
LE -
_ZD 3 LI | LI L | LI | LI I LI I LI I LI | LI =

-500 0 500 1,000 1,500 2,000 2,500 3,000 3,500

R [Ohm]
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Measurement Erlangen
Experimental Setup

Discr. PH707 TDC
PSI11.5V I

Delay-30ns aco

—
Delay QcoD
. | |
- '
F Discr.821 CAEN (start) 821 Discr.->Gate->QCD/TDC
— -
scintillator dual timer->VME

[l
1

SiPM ‘

PANDA TOF meeting - 08.06.2016 10
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Noise level

File Vertical Timebase Trigger Display Cursors Measure Math Analysis  Ulilities Help

Trigger:

Emmﬂwwmww@wml U,‘Uﬂ‘W'WWWWMWMM* SiPM S12782 HPK , 6/V+

:—'wwwmwwmmamnmﬂw}%mwmmr#wmmm"ﬂwwwwwmﬁ*mm

Scintillator BC-420

! | 3 Channels:
Lf'ﬂﬁ'[#hwaw

Board?2

Fy

Measure P1rms(C1) ] P3:ampl{C1) P4:ampl{C2) P& fall(C2) P&rise(C2) PTwidn(C2) PE.dt@lv(C1,C1)

value 454 pv K39 pv 28 mv 34 mv 20.900 ns 4 50 ns 5275 ns -
mean 4951 gV 662.3 pv 2.820 mV 3.683 mV 16.28335 ns 1583313 ns 11.83877 ns
min 3593 pv 432 pv 21 mVv 27 my 387 ps 31 ps 1.118 ns
max o907 pv 118 mV 49 mV 34 mv 63.398 ns 75633 ns 58.156 ns
sdev B7.2 pv 111.5 pVv 335 v BT9 pv 12.81833 ns 1488108 ns 936141 ns
num 2. 703e+3 2.621e+3 2. 193e+3 2.193e+3 4215e+3 3.852e+3 2.400e+3
status v v b b b A i

1000 mi 10,0 mvidiv 200 mvidiv 50.0ns/div | Stop =210 mVv

19.00 mV ofst 6.00 mV ofst 570.0 mV ofst 15,00 kS 10 GSis |Edge Megative

5 16 12:42:27 PM
R PANDA TOF meeting - 01.12.2015 1
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— Calibration of the QC

SiPM bias 240V, 30 mV threshold, 20x amplified

QDC qdc0 Channel 1 QDC qdc0 Channel 3
QDC gdc0 Channel 1 QDC gdc0 Channel 3 4 4
qdcO 01 qdc0 03 F : B
r : Enfries 1002930 r Enfries 1002830 10000 qdcO 01 qdc0_03
10000~ Mean 2145 C Mean 2235 I [Erries 1002030 [ i[Emries 1002030
[ RMS  71.90 C RMS =26 I i[Mean 1555 5000 :[Mean 149
5000 : Foi|Rms s2.91 [ i|rmMs  a7as
r E : 8000|— : !
8000 F :30 ns.gate L u
F gate r : g 4000
4000 — i F
L E 600D — [
BO00 F F 3000
F 3000 N
r L 4000}~ F
4000 r L
L 2000 i 2000
2000 1000 20001~ 1000
3 F ol Ly ol
% % 60
QDG qdc0 Channel 1 QDC gdcO Channel 3 QDC qdc0 Channel 1 QDC qdc0 Channel 3
qdco_o1 FEENGE] C - - : : 1800 : -
2500 Enfries 1002360 2000 E H H H Enries 1002360 2500 [ qdcd_o1 r qde0_03
o Mean 492 10 b Mean 5802 + Entries 1002360 1600 [~ |Enies 1002380
L RMS . 171.7 o RMS . 2167 r Mean a2h H r Mean a24.6
F : 1600 : ogol— |AMS  e7.sd 1agof. [BMS 7508
2000~ 100 ns gate E H b
L 1400 1200
1500 1200 15001~ 1000
1000 [
E L BOO
1000 800 Tooor-
F F 600
sO0E
- p F C 400
500 ] 400F- 500~
200 r . 200
C 0 100 150 200 250 300 350 400

1200

rough results: peak distance with 30ns gate: 20 Channels
peak distance with 100ns gate: 50 Channels — 2 _25Ch=1 p.e

20
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File Verical Timebase Trigger Display Cursors

(=1 . Ha e el PR T RN PP
e L i

j |
‘ | i ‘

i | |l)"""'a“l".“rf || P |t |
| |
i
|

= [ EIHL
100 mvidiv 100 mWidiv 200 myidiv
293.0 mV ofst 288.0 mV ofst 570.0 mV ofst
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Measure Math Analysis

Measurement Erlangen
Signal shape and gate 100ns

Utilities Help

eV #ﬂ*ﬂh‘wi"i:Mﬁ
'J‘I" "ﬂ"\-"'"ﬁ-\ .-I""‘-.A,."Wmi—? g |
TAY; T !
I‘.f‘

|ul| 'IHMnﬂ l\|’|l"{‘.m| ,p.'-\:ﬂ‘."'n e I'rl.,l" Mﬁﬁ’ﬂl\‘ J.]ﬂ,.hl‘p\ﬁll len_r
|

Timebase 500 nofTrigger ()
20.0ns/div | Stop =210 mv
10 G5/= |Edge Megative

SM8I2016 1223421 PM

PANDA TOF meeting - 01.12.2015

2.00 kS

Long gate-> hard to
calculate the single
photon
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Threshold
scan for
EJ-228
Bias: 230V

Threshold
scan for
EJ-232
Bias: 240V
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Time resolution [ps]

Time resolution [ps]

75

@
o
]

u
=1
|

4
o

2]
!

wn
n
|

70 Jo T— S SR SRS SR S R T e

0 20 40 60 80 100 120 140 160 180 200

Threshold [mv]

20 40 ag 80 100 120 140 160 130 200
Threshold [mV]
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Bias voltage scan

|
[

=
po bl

[4]
wn

7o TR TR OSSO VOO T AL SO S
a5 i i

TTTT I T TTT | T T TT | TTTT I TTTT | T T 1T I TTTT I TTTT | T T 1T I
210 215 220 225 230 235 240 245 250 255
Bias voltage[V]

Best settings:
Threshold at -30 mV
Bias voltage 240 V

PANDA TOF meeting - 08.06.2016
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Teflon
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Measurement Erlangen
Wrapping (bias-240 V, thresold-50 mV, scan 9 points)

Alu foil

Wrap type

No wrapping

Mylar foil

Tyvek 1057D
SR

Teflon tape

Alu foil

Wrap type

No wrapping

Mylar foil

PANDA TOF meeting - 08.06.2016

EJ-232

54.8+ 0.3
52.7+0.3
549+0.3
55.2+0.3
5.4+ 0.3
54.2+0.3

EJ-228

690 + 12
848+ 11
941+8
847 +7
975+ 10
821+6

Mean time res [ps] Pulseheight [QDC.CH]

Mean time res [ps] Pulseheight [QDC.CH]

61.2+ 0.3
59.7+ 03

887 + 10
1063 £7

15
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Measurement Erlangen
3069 positions (EJ-228, mylar foil ), SMI preamplifier

HV: 240V, threshold: -30 mV, 2000 events/position

TDiff Position Time resolution Time resolution/ Pulseheight
position NpeDt
Erbries 3069 M Entries 3069 - X Erlries 3069
Maanx G218 M Mean s 3882 - e Meanx 8232
Meany 16.19 Meany 1783 150 g Meany 83.49
) AMSx 2042 AMSx  31.89 L ! , AMSx  100.2
RMS ¢ 977 AMES y 123 L i I' " AMSy 1427
,ﬁ L i I'I I|| i
—_— 1&0— I II:IIII|II ) I||l|.|iI
..I_’l“ . - 1 W ||"|"||'l'"|l N
_‘I_I.._ B - i I1IIl " l|'II|||II|1|I'II'll'lll:l'l:'|
z - YN
=] I|II mlé
i [ b 'I'Ii
59_ 1l
i 1 1 1 1 I 1 1 1 1 I 1 1 1
a O 500 000
¥
Mean time resolution ~60 ps
PANDA TOF meeting - 08.06.2016 16
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Measurement Erlangen
3069 positions (EJ-228, mylar foil ), SMI preamplifier
Npe1 Npe2 NpeAve

=3

Ni{p.e.) [chan]
2
N2(p.e.) [chan]

TimeresFit NpeFit
NpeDi_pjx NpeDt_pjy

E Entries 3069 E Entries 3069
400 Mean 83.93 90 Mean 875.8

E RMS 16 r RMS 1715
asoF- ¥2indl 3.277e+04 /347 80—

- Constant 391206 =

E Mean 60.03 = 0.01 70— Mean pU|Se
300— Sigma 5.224 £ 0.008 = .

- s0f- height = 875.8 QCD.CH
250 =

E SE ~ 328 Photons
200 E— sl
150~ 20—
100 20

50 ; 10 f—
o | o - - B
0% 50 100 150 % 500 1000
X b

WWW ORAW AG. A PANDA TOF meeting - 01.12.2015
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Measurement Erlangen
3069 positions (EJ-232, mylar foil ), SMI preamplifier

HV: 240V, threshold: -30 mV, 2000 events/position

TDiff Position Time resolution Time resolution/ Pulseheight
position width NpeDt
Enfries 3069 Entries 3060 ’ ' Envies 3069
Means 6341 Meanx 433 : Means E356
Meany 1474 Meany 1515 T Mesny E355
. |BMSx 1954 RMSx 3322 RMSx 1255
o |RMsy  saes RMSy 1175 T RMSy 1019
=
=
= T 400 e
i E < | Eu -
3 = L
200

% [mm]

Mean time resolution ~ 53.9 ps

PANDA TOF meeting - 08.06.2016
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Measurement Erlangen
3069 positions (EJ-232, mylar foil ), SMI preamplifier

NpeAve

Npe1 Npe2

Npel Npe2 NpeAve

Entries 3069 Entries 3063 Enfries 3063

Meanx 4147 Meanx 4879 Meanx 4513

. Meany 1423 Meany 1437 Meany 1431

T |AMsx 261 ] AMSx 2618 T |RMSx 2825

1006 “|AMSy 8585 1006 RMSy 8808 E‘ RMSy 8614
£
5 5 ] =
5 s ]
=9
- - =
o 506 4 g v
= o I
= & o
=4 = =z

sor®

- Fit NpeFit
imeresFi :
C NpeDt_pjx = Entrietl = Dt_p]ysnsg M |
500— Entries 3069 :_

- Mean 5513 - Mean B624.5 e-a n p u S e

C RMS s7is | FMS 1974 helght - 687 QCD CH
400[— wEIndl 4.443e+04 /347 | F ¥eindl 1.279e+04/1997 )

C Constant 459.8 £ 0.6 E Constant 50.59 +0.29 ~ 2 74 8 p e

: Mean 53.93£0.01 - Mean 686.9+ 01 ' '
3001 Sigma  4.399:0007 | Sigma 14.49 £ 0.12
200 :— E_
100 :— ;—

0 - ' : | — -
0 50 100 ‘ il
X 0 500 1000
¥
PANDA TOF meeting - 08.06.2016
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Conclusion

Best value for the time resolution: 53.9 ps with EJ-232 wrapped in
Mylar foil

This value is already the mean time resolution of a total of 3069
positions distributed across the scintillator surface.

EJ-228 provides more light but slightly worse time resolution. We get a
better time resolution with PSI preamps than with photonique

preamps.

Outlook: do the time-walk correction of the data

S ——— PANDA TOF meeting - 08.06.2016

Ml

=

20



