


Signal [V]

Time sampling: Analysis with derivative

Raw signal * Raw signal: Waveform was acquired

0.0015 4 —— signal filtered (<0.05GHz)
Derivative

 background with the Oscilloscope

"""" e p2mo7e™ | e Sjonal filtered: Waveform was filtered

s R with Low-pass filter <S0MHz

* Derivative: The filtered waveform was
analyzed in its first derivative

* Inflection: Time was sample in the peak
of the derivative; the inflection point of
the signal (this value is very close to the

o0 50% of the Signal amplitude)

. Is the first peak of the filtered
function after the inflection

* Deep: Is the first deep of the filtered

function before the inflection
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Lab Tests: Laser SetUp

Dark Box diffuser

I lasar
SiPM C1 _I @{i‘

HV Trigger Ext.

Oscilloscope

Laser PiLas

Tune 50%

Pulsed 20 Hz

Diffuser thorlabs ED1-S50 _MD
Attenuation with pinhole 2.5 mm
Distance from device ~20 cm
Fiber QSMJ-3A35-400-3/125-3-1
Length 1 m

ar
"
A N .
e
<
Y N s

ED1.s50-MD
D1 g mr> RE
Top?" 50° SQUA!
OF-HAT DIFFUSE"

Configuration 1)
CO0 -> 1 X SiPM AdvanSid nuv 1x1 mm?
C1 ->1 X SiPM AdvanSid nuv 1x1 mm?
DAQ: Oscilloscope R&S 6GHz 20GS
Trigger: External from laser
HV:30.50 V (+2.5 OV)
Configuration 2)
CO -> 1 X SiPM AdvanSid nuv 3x3 mm?
C1 -> 1 X SiPM AdvanSid nuv 3x3 mm?
DAQ: Oscilloscope R&S 6GHz 20GS
Trigger: External from laser
HV:30.50 V (+2.5 OV)
Configuration 3)
CO0 -> 3 X SiPM 3x3 mm? Hamamatsu OR S14160-1315 (Long pcb)
C1 -> 3 X SiPM 1x1 mm? Hamamatsu OR S14160-3015 (Long pcb)
DAQ: Oscilloscope LeCroy 1GHz 20GS
Trigger: External from laser
HV:42.00 V (+4 OV)



Lab Tests: Laser SetUp -> AdvanSiD 1x1 mm?

- Laser Source SiPM AdvanSiD 1x1 nuv - 30.5 HV - Amplitude distribution - Laser Source SiPM AdvanSiD 1x1 nuv - 30.5 HV - Inflection position

Configuration 1

600 -
300 -
Trigger Ch Ext 500 - I '-.
| Signal amplitude -= CO 1
230 avg = 3.98 mv E )
.
) |
! i
| i
400 - | 1_:
200 1 ;!
L
! 1
! i
f ]
;' 1
| 300 A i -
150 - i !
| \
| -
! i
H |
' ]
J 1 !
100 - . ’]. 2001 | \
| o
! 1
. ! |
’ [ ! 1
| 1l .' ',
50 - f 1 100 - :' !
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I ]
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| l‘rrl J Y
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0 T T |J.|I|I|J T L Ll“JJ.L!IILF‘“WI EE—— — T 0 T d’, T S T T T
0.000 0.002 0.004 0.006 0.008 0.010 -1.5 -1.0 -0.5 0.0 0.5
Time [ns] 4

Amplitude [V]



Lab Tests: Laser SetUp -> AdvanSiD 3x3 mm?

- Laser Source SiPM AdvanSiD 3x3 nuv - 30.5 HV - Amplitude distribution - Laser Source SiPM AdvanSiD 3x3 nuv - 30.5 HV - Inflection position

Configuration 2
160 ~
50 A lll 1.l
Trigger Ch Ext 140 4 { o
Signal amplitude -> CO I
avg = 19.99 mv l !
| b
| 120 - ! :
40 T \[ “ i i
I |
| I
| I
! i
100 I 1
I i
I 1
I ]f |
30 ! )
80 -
H [ | Lo
| I
1 I
I [
] .’ 1
20 + r 60 1 l
| L
! |
1 1
I 1
! |
H,L[ 40 | {
1 1
J-I.‘ : |
10 4 il H i \
JIl \
I 20 - ] \
Al I
|r_ Il N J \
oL dardl | | | LY N 4
0.010 0.015 0.020 0.025 0.030 0.035 _1'_5 _1'_0 _0'_5 0_'0 0_'5 1_'0
Time [ns] 5

Amplitude [V]



Lab Tests: Laser SetUp -> Hamamatsu pcb 3x 1x1 mm?and 3x 3x3 mm?

- Laser Source SiPM Hamamatsu 3x3 - 42.0 HV - Inflection position

- Laser Saurce SiPM Hamamatsu 3x3 - 42.0 HV - Amplitude distribution

Configuration 3

400 ~ 5
C0: 3x3 mm
350 4 k
Trigger Ch2
Signal amplitude -> CO
avg = 61.84 mv
300 | |
250 4
200 + \u
150
100 -
50 -
0 T *M T T ms
0.050 0.055 0.060 0.065 0.070

0.035

0.040

0.045

Amplitude [V]

350 A
f'\
ff \‘
A A
300 A ] i
;o
‘ ‘
‘ ‘
l ‘
i ",'
250 1 ! \
i |
i \
i \
i \
] \
200 A : \
] \
i \
! \
) \
) \
150 | \
¥ i
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l
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.|‘ 1
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0 T = T T T —= T
-0.6 -0.4 -0.2 0.0 0.2
Time [ns] 6




Lab Tests: Results for laser configuration

N I N L C T N

Laser AdvanSiD 1 X 1x1 mm?2 30.50
Laser AdvanSiD 1 X 3x3 mm? 30.50 76

Laser Hamamatsu 3 X 1x1 mm?2Vs 3 X 3x3 mm? 42.00 60



Lab Tests: 90Sr SetUp

Configuration 4)

2 B C
' 90Sr
A D

0

90Sr Source
2 MBq

1

3

Sr-90
28.78 y

CO0 -> 1 X SiPM AdvanSiD nuv 3x3 mm?
C1 -> 1 X SiPM AdvanSiD nuv 3x3 mm?
C2 -> 1 X SiPM AdvanSiD nuv 3x3 mm?
C3 -> 1 X SiPM AdvanSiD nuv 3x3 mm?
DAQ: Oscilloscope LeCroy 1GHz 20GS
Trigger: CO (Threshold 67mV)
HV:32.00 V (+4 OV)

B: 546 keV
100 %

B: 2.3 MeV
100 %

Zr-90
Stable



Lab Tests: 90Sr SetUp -> Advansid 3x3 mm?

- 90Sr Source SiPM AdvanSiD - 32.0 HV - Amplitude distribution - 90Sr Source SiPM AdvanSiD - 32.0 HV - Inflection position
Configuration 4
1200
400
350 A Trigger ChO 1000 A
Signal amplitude -= C0
avg = 83.71 mV
300 ~
. 800 ~ [Trigger Cho
Trigger Cho Differential time -> C1 - CO
2501 Signal ampltute > c1 =017
9-—>" o2 = 1867.46 ps
600 +
200 ~
- Trigger ChO
g’_lggelr Chﬂl_t ; o Differential time -> C2 - CO
ignal amplitude -> =
avg = 73.78 mv H=0.68 ns
150 4 o/v2 = 1775.64 ps
400
d - Trigger ChO
100 Tiggercho Differential time -> C3 - CO
ignal amplitude -> =
avg = 53.28 mV H=052ns
ur 200 - /2 =1738.67 ps
1 M%
0 : R e, 0 - : :
0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 =20 20 40 60

Amplitude [V] Time [ns]



Lab Tests: 90Sr SetUp -> Advansid 3x3 mm?

- 905r Source SiPM AdvanSiD - 32.0 HV - Inflection position

1600 +

1400 +

1200 -

1000 -

800 ~

600 -

400 -

200

Trigger ChO

Differential time -= C2 - C1
U =0.48 ns

o/V2 = 1856.48 ps

Trigger Cho
Differential time -> C3 - C1
U =10.85ns

o2 = 1878.21 ps

Time [ns]

30

Configuration 4

- 905r Source SiPM AdvanSiD - 32.0 HV - Inflection position

1400 +

1200 +

1000 +

800 +

600 -

400 -

200 +

Trigger Cho
Differential time -> C3 - C2
u=0.33ns

giv2 = 1875.35 ps

-30

Time [ns] 10

30



Lab Tests: CR SetUp

Configuration 5)

T1
bottom

Tile

T2
top

CO0 -> 1 X SiPM AdvanSiD nuv 3x3 mm?
C1 -> 1 X SiPM AdvanSiD nuv 3x3 mm?
C2 -> 1 X SiPM AdvanSiD nuv 3x3 mm?
C3 -> 1 X SiPM AdvanSiD nuv 3x3 mm?
DAQ: Oscilloscope R&S 6GHz 20GS
Trigger: C1 AND C3 (NIM)

HV: 30.50 V (+2.5 OV)

Configuration 6)

3

C0 -> 3 X SiPM 3x3 mm? Hamamatsu OR S14160-1315
C1 -> 3 X SiPM 3x3 mm? Hamamatsu OR S14160-1315
C2 -> 3 X SiPM 3x3 mm? Hamamatsu OR S14160-1315
C3 -> 3 X SiPM 3x3 mm? Hamamatsu OR S14160-1315
DAQ: Oscilloscope LeCroy 1GHz 20GS

Trigger: CO AND C1 (Threshold 0.8 mV)

HV:42.24 'V (+4.24 OV)

Long pcb)
Long pcb)
Long pcb)
Long pcb)

NN N N



Lab Tests: CR SetUp -> Advansid 3x3 mm?

- CR Source SiPM AdvanSiD - 30.5 HV - Amplitude distribution

Configuration 5

140 -

120

100

80 1

60 4

40

20

Trigger Chl AND Ch3
Signal amplitude -= C0
avg = 13.81 mV

Trigger Chl AND Ch3
Signal amplitude -> C2
avg = 15.87 mV

_0.01

0.00

0.01 0.02
Amplitude [V]

- CR Source SiPM AdvanSiD - 30.5 HV - Inflection position

1000 -

800 +

600 -

400 -

200 -

Trigger Ch1l AND Ch3
Differential time -= C0 - C2
u=0.14 ns

g/v2 = 1904.85 ps

-30

20

Time [ns]

10 20

12

30



Lab Tests: CR SetUp -> Hamamatsu 3x3 mm?

- CR Source SiPM Hamamatsu - 42.24 HV - Amplitude distribution

250

200

150

100

50 4

Trigger ChO AND Chl
Signal amplitude -> C2
avg = 2.19 mV

Trigger ChO AND Chl
Signal amplitude -> C3
avg = 2.03 mV

Meogo o n o o
T

0.0075 0.0100 0.0125 0.0150

Amplitude [V]

0.0000 0.0025 0.0050

Configuration 6

- CR Source SiPM Hamamatsu - 42.24 HV - Inflection position

400

300 ~

200

100 -

Trigger ChO AND Ch1
Differential time -= C2 - C3
y = 3.06 ns

o/v2 = 1218.43 ps

-15

-10
Time [ns] 13

20



N I N N LT

a_t [ns]
)

I

a_delt

agm
[

Collection_Time_Si

LTI

[

Laser AdvanSiD 1 X 1x1 mm? 30.50
Lab TeStS: Results Laser AdvanSiD 1 X 3x3 mm?2 30.50 76
Laser Hamamatsu 3 X 1x1 mm?Vs 3 X 3x3 mm? 42.00 60
90Sr AdvanSiD 1 X 3x3 mm? 32.00 1870
CR AdvanSiD 1 X 3x3 mm? 30.50 1941
CR Hamamatsu 3 X 3x3 mm? 42.24 1235
Mu+ Simulation 3 X 1x1 mm?2Vs 3 X 3x3 mm? 748
-~ Vertical muons B =1 Uniformly fired on large surface [ P4 501,501 502 5 SBS 534 595 Golston Tna or Duar . %
— Collection time 3 x SiPM 3x3 mm? - 3 x SiPM 1x1 mm? 10° 7 E,';‘Q,?s _gzj 2322

Std Dev 1.101
%2 [ ndf 1069 /78
Constant 587.7x5.4
Mean —0.3746 + 0.0079
Sigma 1.058 + 0.006

v

50% of collected light

10

\
| I | I ‘ 1 | 5 10

I
)
|
5

20 40 60 80

100 i



Simulation SetUp

Bar 5x20 cm2

Bar 5x30 cm?2

Bar 5x40 cm2 3 SiPM 1x1 mm?2

Physics .
Physics list for G4 FTFP_BERT* 2 5iPM 1x1 mm2
Source 2SiPM 3x3 mm2
Vertical muons B =1 Uniformly fired on large surface
Geometry

1) Tile 10x10x0.5 cm3 -> 3 SiPM 3x3 mm?2 on Top + 3 SiPM 1x1 mm?2 on Bottom

2) Bar A 5x20x0.5 cm3 -> 4 SiPM on large side + 8 SiPM (4 3x3 and 4 1x1) on small sides (45iPM for each side)
3) Bar B 5x30x0.5 cm3 -> 6 SiPM on large side + 8 SiPM (4 3x3 and 4 1x1) on small sides (45iPM for each side)
4) Bar C 5x40x0.5 cm3 -> 8 SiPM on large side + 8 SiPM (4 3x3 and 4 1x1) on small sides (45iPM for each side)

15
http://geant4-userdoc.web.cern.ch/geant4-userdoc/UsersGuides/PhysicsListGuide/html/reference PL/FTFP_BERT.html#ftfp-bert



http://geant4-userdoc.web.cern.ch/geant4-userdoc/UsersGuides/PhysicsListGuide/html/reference_PL/FTFP_BERT.html

Simulation timing results

a_t [ns]

gma_delt

Collection_Time_Si

Tile

Bar 1@0 - 1@1
Bar 1@0 - 2@0
Bar 1@0 - 3@0

20 40

60

80 100
Amount_of collected light [%)]

16
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Photon collected: Large SiPM
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Photon collected: Small SiPM "
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1300

Photon collected: Top SiPM
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Signal [V]

Waveform: L

Channel 0

aser SiPM AdvanSiD

0.02 -

0.01

0.00

Raw signal

signal filtered (<0.5GHz)
Derivative

background

- Inflection 98.28 ns 9.81 mV

Peak 99.76 ns 19.73 mV
Deep 95.05 ns -5.14 mV

o

—0.01 4

—0.02 4

0.8

0.9

1.0
Time [s]

L1

1.2
le-7

Siytiar v

Channel 1
Raw signal
signal filtered (<0.5GHz)
Derivative
- background
- Inflection 97.36 ns 4.03 mV
0.01 1 Peak 100.07 ns 16.34 mV
Deep 94.45 ns -3.27 mV
|
0.00 4 /*'/‘/\\ /\
—0.01 4
—0.02
—0.03 4
T T T T T
0.8 0.9 1.0 1.1 1.2
Time [s] le-7
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Signal [V]

Waveform: Laser Hamamatsu

Channel O

Raw signal

0.06 - |
signal filtered (<0.05GHz)
Derivative
background
0.05 4 Inflection 96.38 ns 24.26 mv
Peak 106.88 ns 51.63 mV
| Deep 85.58 ns -3.00 mV
0.04
0.03
0.02
0.01 A
0.00 = Pt i
—0.01 4

0] 1
Time [s]

Signal [V]

Channel 1

0.051 Raw signal
signal filtered (<0.05GHz)
Derivative
background
0.04 1 Inflection 96.18 ns 16.86 mV
Peak 104.58 ns 35.65 mV
Deep 86.78 ns -2.84 mV
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0.00 i TN y ! \yl\/ ¥
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Signal [V]

Waveform: 90Sr SiPM AdvanSiD

Channel 1
Raw signal
—— signal filtered (<0.05GHz)
Channel 0 Derivative
Raw signal 0.04 4 background
0.08 4 — signal filtered (<0.05GHz) - Inflection -13.26 ns 17.42 mV
Derivative Peak -0.38 ns 44.08 mV
background Deep -22.35 ns -3.97 mV
Inflection -3.67 ns 36.63 mV
Peak 4.32 ns 73.88 mV
0.06 7 Deep -13.56 ns -4.13 mV
0.02 1
0.04 _
2
©
[ =]
=
(2]
0.02 4 0.00 4
0.00
—-0.02 1
—0.02
—0.04
T T T T T ! . ! j !
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Time [s] le-8 Time [s] le—8
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Signal [V]

Waveform:

Channel 0

CR SiPM Hamamtsu

0.06 1 Raw signal
—— signal filtered (<0.05GHz)
Derivative
background
0.05 4 Inflection 96.38 ns 24.26 mV
Peak 106.88 ns 51.63 mV
| Deep 85.58 ns -3.00 mVv
0.04 -
0.03 1
0.02 4
0.011
g ™ 4
0.00 y R i
—0.01 4
T T T T T
-1 0 1 2 3

Time [5]

Signal [V]

Channel 1
0.05 1 Raw signal
signal filtered (<0.05GHz)
Derivative
- background
0.04 4 - Inflection 96.18 ns 16.86 mV
Peak 104.58 ns 35.65 mV
Deep 86.78 ns -2.84 mV
0.03 1
0.02 4
0.01 1
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—=0.01 1
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Lab Tests: Laser SetUp -> Advansid 1x1 mm?

- Laser Source SiPM AdvanSiD 1x1 nuv - 30.5 HV - Scatter Plots - Channel 1

- Laser Source SiPM AdvanSiD 1x1 nuv - 30.5 HV - Inflection position
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Differential time
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- Laser Source SiPM AdvanSiD 3x3 nuv - 30.5 HV - Inflection position

Lab Tests: Laser SetUp -> Advansid 3x3 mm?

- Laser Source SiPM AdvanSiD 3x3 nuv - 30.5 HV - Scatter Plots - Channel 1
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Lab Tests: Laser SetUp -> Hamamatsu pcb 1x1 mm?and 3x3 mm?

- Laser Source SiPM Hamamatsu 3x3 - 42.0 HV - Inflection position
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250 -
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Differential time

. - Laser Source SiPM Hamamatsu 3x3 - 42.0 HV - Scatter Plots - Channel 1
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Lab Tests: 90Sr SetUp -> Advansid 3x3 mm?

- 905r Source SiPM AdvanSiD - 32.0 HV - Inflection position

1600
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Differential time -=> C0 - C3
H=-0.91ns

g2 = 1740.40 ps

Trigger Cho

Differential time -> C2 - C3
M =-0.33ns

o/v2 = 1875.35 ps

20 40 60

Ch0O Amplitude [V]

Trigger ChO
Differential time

- 90Sr Source SiPM AdvanSiD - 32.0 HV - Scatter Plots - Channel 2
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Lab Tests: CR SetUp -> Advansid 3x3 mm?

: ; H H = - CR Source SiPM AdvansSiD - 30.5 HV - Scatter Plots - Channel 0
- CR Source SiPM AdvanSiD - 30.5 HV - Inflection position Trigger Ch1 AND Ch3 Trigger Ch1 AND Ch3
Differential time 10 Differential time
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Lab Tests: CR SetUp -> Hamamatsu 3x3 mm?

; ; o - CR Source SiPM Hamamatsu - 42.24 HV - Scatter Plots - Channel 2
- CR Source SiPM Hamamatsu - 42.24 HV - Inflection position Trigger Ch AND Chl Trigger Cho AND Ch1
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Simulation timing results

a_t [ns]

gma_delt
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I Tile
- Bar 1@0 - 1@1

SiPM_1@0-SiPM_3@0_Collection_Time_for_Quantile_at_50%
' ' * . Bar 1@0 - 2@0

Vean 0408 ' Bar 1@0 - 3@0

Std Dev 1.859
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Lab Tests: Laser SetUP e N S

Pulse profile

Laser PilLas
Tune 50%
Pulsed 20 Hz
Diffuser thorlabs ED1-S50 _MD
Attenuation with pinhole 2.5 mm
Distance from device ~20 cm

—__

ED1-, MD
B1q AR
Top?” 50 so
OFHAT DIFFUSgR

Center wavelength' 375 nm = 2 pm

Pulse Duratien? 20 pa - 150 ps

Pulse peck power? 10 mW - TW

Pulse energy* 1-50p)

Av. oulpul power at 100 MHz 0.5-2 mW

Pulse repatifion rate pulse-on-demand — 120 MHz

Beam quality M? = 1.1, TEM,,

Palarization Ext. Ratic = 20 dB

Timing jier* < 3 pa [rms)

Lenser oubput free-spoce or fiber cutput [FM, SM, M)

Worm-up ime < 10 minubes

Operation lemperature 15°C - 35°C

Shorage bemperabure: -20°C -65°C

On/O eytles = 10000
I

Size laser head 97 x 31 x 147 mm?

Weight laser head 0.45 kg

Size OEM control unit® 168 x 129 x 33 mm?

Weight OEM contrel unit 0.7 kg

Size siand-alene contral unit 235 x 88 x 326 mm*

Wight sand-alone control unit Z5kg

Pewer supply

12VDC/3A or 100 - 264 VAC, 47- 63 Hz

Power consumphion

<30W

Lenser syslem air cooled

1 Al commercially available loser diode wovelengths in this range

* Depending on laser heod model, pulse duration up fo 5 ns possible
! Depending an laser head model

* Depending on laser heod model and pulse duration

* Mot for DFB,/DER |msers

= Other OEM versions available
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